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This multi-purpose elec- 
trode simplifies your work 


The Hobart ‘'12'' is the best all- 
position electrode money can buy. It's 
designed for welding in any position, 
flat, vertical or overhead. 

Many of the country's largest fabri- 
cators of tanks, automobile frames, 
agricultural implements, etc., have 
standardized on the Hobart ‘12''— 
because it handles over 80% of all 
their production work. One of the 
many reasons for the ‘12's’ success 
is that it can operate efficiently on a 
very high welding current, making it 
possible to increase welding speeds. 

Even under these high currents, the 
“12° exhibits a smooth, stable arc, 
and a remarkably low spatter loss, 
which means a big savings on stub 
loss and cleanup time—while you get 
more deposited metal per electrode. 
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its fast production and fabrication 
work. It's equally efficient for main- 
tenance work too, because its ductility, 
tensile strength, and unusually high 
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Are Welding of Low Chromium-Molybdenum 
Steel Pipe 


§ Correlation exists between hardness and ductility and between hardness 
and tensile strength for heat treated 1.25% Cr - 0.5% Mo alloy steel 
pipe material and for 1.0 to 1.25% Cr-0.5% Mo alloy weld deposits 


by Jay Bland 


Abstract 


The are welding of 1.25% Cr - 0.5% Mo alloy steel pipe, using 
1.0 to 1.25% 0.5% Mo and 2.25% Mo low 
hvdrogen alloy electrodes, has been inve stigute d 

It has been determined that a significant correlation exists 
between hardness and ductility and between hardness and tensile 
strength, for heat-treated 1.25% Cr -0.5% Mo alloy steel pipe 
material and for 1.0 to 1.25% Cr - 0.5% Mo alloy weld ce posits 
On these bases the properties of the various zones in the welds 
have been more realistically evaluated. Similarly, longitudinal 
bend tests have provided confirming evidence for we ld metal and 
HAZ (heat-affected zone) ductilities which are not apparent from 
results of the usual reduced section tensile tests of butt-welded 
specimens 

The results of this investigation indicate that satisfactors 
statie and Impact physi il properties are obtained for unre 
strained welds made in 1.25% Cr—-0.5% Mo alloy steel pipe 
using 1.0 to 1.25% Cr —-0.5% Mo low-hydrogen alloy electrodes 
welded without preheat or postheat treatment For welding 
under conditions of restraint, and in the absence of data reflect 
ing restraint vs preheat, it is suggested that a nominal preheat 
of 300° F be used in order to minimize the possibility of cracking 


ot root passes 


INTRODUCTION 


N A PAPER presented before the 1952 Annual Meet- 
ing of the AMERICAN WELDING Soctiery,! the author 
described the results of an investigation of the are 


welding of 0.557 Cr — 0.557, Mo steel pipe. It was 


Jay Bland ix Senior Project Engineer veering Research Department 
Standard Oil Co. (Indiana 

lo be presented at the Thirtv-Fourt 

land, Ohio, week of Oct. 18, 1953 
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concluded that the static and impact physical properties 
of 0.5% Cr — 0.5% Mo and. 1.0% Cr — 0.5% Mo low- 
hydrogen electrode welds, made using preheat and inter- 
pass temperatures of —60° F and ambient and without 
postheat treatment, are equivalent or superior to those 
of the conventional 0.55, 0.507 Mo celhulose-titania 
electrode welds, made using 500-600° F preheat and 
1250° F for | hr postheat treatment 

The published paper noted the increasing importance 
of the low chromium-molybdenum alloy steels in the 
steam power industry and in process equipment for the 
petroleum refining mdustry \ brief summary of the 
various considerations which have led to the use of these 
alloy steels was included, particularly with reference to 
their resistance to graphitization and to high-tempera- 
ture hydrogen embrittlement phenomena. 

The literature contains relatively little information on 
the weldability characteristics of 1.250, 0.507 Mo 
Manufacturer's 


ommended a welding procedure involving a preheat 


alloy. steel. literature’ originally ree- 
temperature of 400 600° F minimum and postheat of 
1325. 1375° F for not less than 30min. The current in- 
formation® recommends a preheat temperature of 200 
100° F and postheat at 1850 + 25° F for | hr per inch 
of thickness, but not less than 30 min. The recently 
adopted tentative rules for welding ferritic alloy steel 
piping in marine construction, issued by the AMERICAN 
WELDING Society! and presented at the 1952 Annual 
Meeting,® recommend a minimum preheat (and inter- 
pass) temperature of 300° F and postheat at 1225 4 
25° FL MeNutt® recommends the use of 600° F pre- 
heat and 1350 1400° F postheat for 2 hr per inch of 


thickness 


Bland —~Chrome-Moly Pipe 


Table |—Chemical Composition of Deposited Weld Metal and Alloy Pipe Material 
Llectrode AWS Covering Chemical composition, ©) Nominal 
designation class type Cc Mn ig S Si Cr Mo Cr-Mo 
Code A Low-hydrogen sodium 0.08 0.67 0.02 0.02 0.36 1.14 0.70 
Code B 13-8016 Low-hydrogen potassium 0.08 0 43 0.02 0 02 0.33 1 02 0.56 1 V/s 
Code C* Low-hydrogen sodium 0.15 0.75 0 04 0.04 0.50 1 10 0.65 
Code D h-9015 Low-hydrogen sodium 0 07 0.74 0 01 0.03 0 24 2.57 1.40 2'/,-1 
Code Low-hydrogen sodium 0 08 0.48 0 02 0.02 0.15 2.32 1.07 2'/<1 
Pipe material 0.16 0.47 0.01 0 02 0.78 1.23 0.61 se" 


* Manufacturer's type analysis -maximum limits. 


The 1.250) Mo alloy is of particular in- 
terest for high-pressure, high-temperature service in 
view of the higher maximum allowable stresses per- 
mitted for it in Code installations’ compared with the 
1.00, Cr 0.55% Mo or the 2.0% Cr - 0.5% Mo alloys. 

The investigation reported herein is part of a continu- 
ing program which was begun in 1950 for the purpose of 
evaluating the properties of weldments made using low- 
hydrogen alloy electrodes on low and intermediate 
chromium-molybdenum alloy steels. As indicated in 
the previous paper,' one of the major aspects of this 
work is to determine the extent to which thermal treat- 
ments are required in order to obtain satisfactory prop- 
erties of the weldments. 

The usual studies of the weldability characteristics of 
low-alloy steels, such as the chromium-molybdenum 
types, have indicated a lack of correlation between sur- 
vey hardness measurements of the welds and HAZ 
(heat-affected zones) and the ductility exhibited by 
butt-weld tensile and bend-test specimens. This lack 
of correlation is emphasized in particular when elec- 
trodes depositing high-strength weld metal are used, 
since deformation in these specimens under load is 


forced to take place preferentially in the lower strength 
parent metal. 

The physical property most difficult to evaluate from 
the results of tests usually made is ductility. A butt- 
weld tensile test specimen, for example, involves a com- 
posite volume of metal which includes unaffected parent 
metal, as-deposited weld metal and recrystallized parent 
and weld metals. Each of these portions contributes to 
the over-all measured deformation under load from 
which the ductility is caleulated, but each does so in 
varying degrees. The extent of such variation can be 
determined most readily by a hardness survey across 
the weld section; however, unless the ductility of the 
material at the particular hardness level is known, there 
can be no sound basis for evaluation of the weld. 
Furthermore, when the weldability studies include the 
determination of the effects of thermal treatments, these 
can be followed more closely and expeditiously by the 
changes in hardness which may result. 

This investigation therefore was extended to include 
the determination of the ductility-hardness relation- 
ships for a 1.250% Cr — 0.507% Mo steel, heat treated to 
hardness levels encompassing those found in the severa! 


Table 2—Physical Properties of Heat-Treated 1.25% Cr-0.5% Mo Steel Pipe 


Yield Ultimate Reduction Elonga- 
Spec Hardness, strength, strength, of area, tion ‘ 
Vo Thermal treatment Bhn* Psit Psi »// in 2 in. 
I As-received 148 40,500 73,500 65.5 34.0 
2 300° FL hr 151 42,500 74,800 65.5 32.5 
3 500° BF, ot hr 150 13,800 74,300 67.3 35.5 
1350° F, hr 148 15,000 73,600 67.5 35.0 
5 500° thr; 1350° F, he 147 14,000 73,500 68.3 36.5 
6 1700° F, 1 hr, normalize 207 17,000 102,800 49.0 27.5 
7 1700° F, HLO quench 391 140,000 194,000 54.3 16.0 
1700° F, HLO quench; 1050° F, hi 316 144,500 156,400 65.8 20 0 
1700° F, quench; 1050° hr 311 142,500 155,600 65.0 20.0 
10 1700° FL HLO queneh; 1050° F, 3 hr 205 134,500 144,800 67.2 19.5 
1700° F, HELO quench; 1200° hi 253 111,300 121,800 72.5 24.0 
12 1700° F, HLO quench; 1200° F, 1 hr 241 106,200 118,500 72.3 23.8 
13 1700° F, HLO quench; 1200° F, 4 hr 230 96, 300 109 , 900 74.3 25.8 
1700° F, quench; 1350° F, '/> hr 213 83, 300 101,000 75.8 28.5 
15 1700° F, HLO quench; 1350° F, 1 hr 205 77,500 96,800 75.5 30.0 
16 1700° quench; 1350° F, 3 hr 190 72,700 90, 800 77.3 32.5 
17 1900° hr, normalize 240 73,300 116,500 55.0 23.0 
Is 1900° FB, HLO quench 374 132,500 188 , 300 52.0 15.8 
1900° quench; 1050° Fy hr 321 141,800 155,000 65.0 
20 1900° F, HLO quench; 1050° F, hr 321 141,000 154, 300 65.8 19.8 
21 1900° quench; 1050° F, 3 hi 300 131,500 142,000 68 0 20.5 
22 1900° F, HLO quench; 1200° Fy '/. hr 250 105, 800 119,000 72.0 24.5 
23 1900° F, TLO quench; 1200° F, 1 hr 241 100, 300 115,800 72.3 24.5 
24 1900° F, HLO quench; 1200° F, 3 hr 233 95, 100 110,800 72.3 25.5 
25 1900° F, quench; 1350° F, hr 216 82,400 100, 800 75.3 28.0 
26 1900° F, quench; 1350° F, hr 205 75,500 96 ,000 76.0 20.5 
27 1900° quench; 1350° F, 3 hr 192 69, 800 89, 400 76.8 32.0 
* Converted from Rockwell hardness measurements. 
10.2°, permanent set, 
SO4 Bland —Chrome-Moly Pipe Tue WELDING JoURNAL 
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Thermal treatment 


Weld Preheat, Postheat, Hardness, 
metal Bhn* 
Code A None None 210 
300 None 105 
500 None 178 
None 1300 176 
300 1300 178 
Code B None None 231 
300 None 210 
500 None 105 
None 1300 202 
300 1300 195 
Code C None None 231 
None 1300 222 
300 1300 10S 


Table 3—Physical Properties of 1.0 to 1.25% Cr-0.5% Mo All-Weld-Metal Specimens 


Yield Ultimate Reduction 
strength, strength, elongation, of area, 
psit psi in 2 1n 
&2 95 000 23.5 62.0 
75,000 90 250 24.0 67 0 
66,000 83,250 27.0 6S 5 
69,500 81,750 28 0 70.0 
64,750 80, 500 26.5 68.0 
84,250 101,500 19 0 3001 
77,000 40, 500 22.5 54.0 
69,000 88,750 25.0 59.0 
74,250 500 24.0 62.5 
70,750 86,000 25.0 58 0 
90,250 1038, LOO 21.5 5b 
85,500 96 , 250 22.0 66.5 
80,000 91,000 26.5 60.0 


* Converted from Rockwell hardness measurements 
permanent set 


unaffected and HAZ of this material when welded under 
various preheating and postheating conditions, and also 
the ductility-hardness relationships for 1.0 to 1.25°7 Cr 

0.5°7 Mo weld metals deposited under similar con- 


ditions. 


EXPERIMENTAL PROCEDURE 


Reduced section tensile, side-bend, notehed-bend, 
hardness-metallographic and Charpy V-notch impact 
specimens were prepared from full thickness multipass 
butt welds made between 6-in. long sections of 1.25°/ 
Cr 9.5°) Mo alloy steel pipe. Longitudinal bend 
specimens were prepared from full thickness, multipass 
longitudinal butt welds made between 5-in. Jong quarter 
sections of the pipe. The weld joints were 60-deg in- 
cluded angle single vees, with a '/s:- to '/;»-in. root face 
and #/.- to '/s-in. root opening. No backing straps 
were employed in order to duplicate, as closely as pos- 
sible, procedures typical of refinery piping fabrication. 
The various welding conditions used are deseribed in 
several tables included hereafter with results. All 
welds were made in the flat position (pipe horizontal 
rolled) and welding currents in the range recommended 
by the namufacturer for the particular electrode brand 
were used, 

The determination of the ductility-hardness relation- 
ships for the 1.25% Cr — 0.5°7 Mo alloy steel pipe was 
made from oversized button-head 0.505-in. diam tensile 
specimens which were machined from 5.5-in. long 
sections of the pipe and given the thermal treatments in 
dicated in Table 2 The heat treatments were designed 
to cover the range of hardness levels found in the HAZ 
of weldments welded under Vari1ous preheat and post- 
heat conditions. After heat treatment the specimens 
were machined to final dimensions and tested to failure 
ina Baldwin-Southwark hydraulic testing machine 

Test plates for all-weld-metal tensile specimens were 
made in accordance with AWS specifications using three 
of the brands of low-hydrogen alloy electrodes given in 
Table 1. The various preheat and postheat conditions 
used are included in Table 3... Two button-head 0.505- 


in. diam specimens were machined from the weld metal 


of each test plate and tested to failure in the hydraulic 
testing machine. 

After testing, the button heads of all tensile specimens 
were cut off and used for hardness measurements and 
metallographic examinations. 

All specimens were tested at room temperature, ex- 


cept for those used in transition temperature studies. 


MATERIALS 


The material employed for this investigation was a 
nominal 1.2507 Cr 0.5°7% Mo steel pipe, 5-in. nominal 
schedule 160, conforming to the requirements of ASTM 
specification A335 Grade The chemical 
composition of this alloy is included in ‘Table 1. 

The welding electrodes used were designed to deposit 
weld metals with nominal compositions between 1.0% 
Cr — 0.507% Mo and 2.25% Cr — 1.007, Mo. The chem- 
ical compositions of the weld metal deposits are listed in 
Table 1. All of the electrodes were low-hydrogen types. 


RESULTS 


Heat-Treated 1.259 Cr-0.59 Mo Steel Pipe , 


The results of hardness measurements and tensile 
tests of heat-treated 1.250, (1 0.507 Mo steel pipe 
material are presented in Table 2. Hardness plotted 
against ductility (as represented by elongation and re- 
duction of area) and hardness plotted agaist strength 
(0.27 vield and ultimate) are presented in Figs. | and 2. 
The effects of postheating temperatures and times at 
temperature on the hardness and ductility of the pipe 
material quenched in water from austenitizing tempera- 
tures of 1700 and 1900° F are presented in Figs. 3 and 4, 

The results indicate that a definite correlation exists 
between hardness and ductility (elongation) as well as 
between hardness and tensile strength regardless of the 
type of metallurgical structure for 1.2507 Cr 9.507 Mo 
stee] Computation of the limits of precision of the re- 


gression for vield strength, ultimate strength, elongation 
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Fig. | Hardness vs. ductility of heat treated 1.25% Cr- 
0.59% Mo steel pipe 


and reduction of area as functions of Brinell hardness, at 
95> significance level, and within the range of 391 Bhn 
(water-quenched from 1700° F) to 147 Bhn (as-received 
and tempered at 1350° F) gave the following equations: 


Yield strength, psi = 
192.98 Bhn — 25,120 (+ 26,072 psi) 


(1) 


YIELO 
STRENGTA~_ 


BRINELL HARONESS NUMBER 
3 
° 


| 
10055 100 150 200 
YIELD AND ULTIMATE STRENGTHS 
(X 1000 psi) 


Fig. 2) Hardness vs. strength of heat treated 1.25% Cr- 
0.59 Mo steel pipe 
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Fig. 3 
hardness of 1.259 Cr-0.59% Mo steel, water qi 
from 1700° F and from 1900° F 


Ultimate strength, psi = 
498.04 Bhn — 3,033 (+ 5,520 psi) 


(> Elongation in 2 in. = 
46.8 —0.0864 Bhn 


©) Reduction of area = 
79.1 —0.0463 Bhn (+ 
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WATER QUENCHED 
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Fig. 4 Effect of temperature and time of tempering on 


ductility of 1.259 Cr 0.59% Mo steel, water quenc 
1700° F and from 1900° F 
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The solid lines shown in Figs. 1 and 2 represent these 


250Fr 


equations of correlation; the dashed lines indicate the 


limits of precision at the 95% significance level. 


Heat-Treated 1.0 to 1.25% 
Cr -0.59 Mo Weld Metal 


Results of hardness measurements and tensile tests of 
1.0 to 1.25% Cr — 0.59% Mo weld metal made using 
various preheating and postheating conditions are 
presented in Table 3. Hardness plotted against duc- 
tility (as represented by elongation and reduction of 
area) and hardness plotted against strength (0.20; vield 


- and ultimate) are presented in Figs. 5 and 6. 
As with the parent metal, the results of tests of 1.0 to 
1.25°, Cr 0.5 Mo weld metal deposited under various 


@ 
° 
a 


conditions of preheat and postheat indicate that a defi- 


BRINELL HARDNESS NUMBER 


nite correlation exists between hardness and ductility 170} \ 
(elongation) as well as between hardness and _ tensile ELONGATION REDUCTION 
strength. Computation of the limits of precision of the i6OF OF AREA 
regression for yield strength, ultimate strength, elonga- 

tion and reduction of area as functions of Brinell hard- 150 | 
ness, at 95°) significance level, and within the range of .¢] 10 20 30 40 50 60 70 80 

231 Bhn (as-deposited) to 176 Bhn (300° F preheat to ELONGATION RED. OF AREA 
301 * postheat) gave ing equi Ss: 

1300° F postheat) gave the following equations: (PERCENT IN 2IN ) ( percent ) 
Yield strength, psi = Fig. 5 Hardness vs. ductility of heat treated 1.0 to 1.25% 


395 Bhn — 3,636 (+7,118 psi) (5 Cr=-0.59% Mo weld metal 


Ultimate strength, psi = 
362 Bhn + 17,460 (44,160 psi) (6) 


©), Elongation in 2 in. = 


19.8 —0.127 Bhn (+2.0°%) (7) 


©), Reduction of area 


125.0 —0.315 Bhn (+ 14.307) (8) 


250} 


The solid lines shown in Figs. 5 and 6 represent these 


equations of correlation; the dashed lines indicate the 


limits of precision at the 95°) significance level. 
The tensile test data indicate that the ductility of the 


230 


weld metal made without either preheat or postheat is 


relatively high (19.0 to 23.5°7 elongation in 2 in.). The 


ductility is increased somewhat by the use of preheat 

(22.5 to 24.0% elongation with 300° F preheat and 25 to 

27°% elongation with 500° F preheat). The effect on 
‘ the ductility of postheating at 1300° F for 1 hr is about 

the same as the effect of the 500° F preheat. The use of 

a 500° F preheat or a 1300° F, 1 hr postheat decreases 
. the tensile strength by approximately 10°;. 


8 


© 


@ 
° 


Tensile Tests of Flat Position Butt Welds 


170} / / \ 
YIELD ULTIMATE 


BRINELL HARDNESS NUMBER 


The results of tensile tests of flat position butt welds, 


Table 4, show that in each specimen failure occurred in 160+ STRENGTH STRENGTH 

the parent metal, indicating that the weld metal is of 

ments made using a 400° F preheat and given a 1350° F, 

'/> hr postheat treatment after welding have slightly YIELD AND ULTIMATE —— 


lower strength and slightly greater ductility than those 


: : ae Fig. 6 Hardness vs. strength of heat treated 1.0 to 1.25% 
weldments tested in the as-welded condition. The low Cr - 0.5% Mo weld metal 
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Table +—Physical Properties of 1.25% Cr-0.5G% Mo Steel Butt-Welds and Weld Metal 


Weldment properties 


Thermal treatment Tensile 
Llectrode Preheat, Poastheat, strength,t 
brand psi 

Code A None None 78,000 
100 1350 75,900 

Code B None None 77,600 
100 1350 75,700 

Code D None None 79,700 
100 1350 75,700 

Code None None 79,300 
100 1350 76,500 


Parent metal? As-received 3,500 


Llongation Weld metal properties 


Total, Tensile Elongation, 
Weld, in Failure strength, in 
Fin m psi Pin 
16 25 Base 95 23.5 
9.5 28 Base 80, 5008 265 
23 Base 101,500 19 0 
§.5 28 Base 86,0008 25.0 
OS 22 Base 131,000 13.0 
6.5 28 Buse S008 22 .5 
Os 22 Base 123,000 13.0 
3.3 26 Base 87,0008 23.0 


*' hr. at temperature 
Reduced section tensile specimens. 

Standard 0.505-in. tensile specimens 

300° F preheat; 1300° F, hr (postheat) 


values of elongation for the weld metal indicate that 
practically all of the deformation occurred in parent 
metal. Low elongation values for the weld metal, how- 
ever, do not necessarily indicate low ductility in the 
weld metal, since in this instance the lower strength 
parent metal failed at a lower stress than that generally 
required for yielding in the higher strength weld metal. 

For comparison purposes the physical properties of 
The dis- 


crepancy between ductility as measured on the reduced 


all-weld-metal tensile specimens are included. 


section butt-welded tensile specimens, and as deter- 
mined from the all-weld-metal tensile specimens, is 
quite apparent. 


Bend Tests of Flat Position Butt Welds 


Since tensile tests do not give an adequate indication 
of the ductility of weld metal in weldments in which the 
weld metal is of higher strength than the parent metal, 
longitudinal bend tests were used to evaluate this prop- 
erty for welds made under a variety of preheating and 


Table 5—Bend Tests of 1.25% Cr-0.5% Mo Butt Welds 


Thermal Longitudinal 
Treatment hends Side 
Pre- Post- Bend Elonga- hends, 
Klectrode heat, heat, angle, tion ©, pass or 
brand °F deg in 2in.t failt 
Code A None None 180 21 iP 
300 None 180 21 
500 None ISO 20 
None 1300 180 21 
300 1300 180 21 
100 1350 iP 
Code B None None ISO 22 3P, IF 
300 None 180 20 
500 None ISO 20 
None 1300 180 21 
300 1300 ISO 21 
100 1350 3P, IF 
Code D None None Is0 20 4P 
300 1300 180 21 
100 1350 3P, It 
Code EF None None ISO 21 2P, 2F 
300 1300 ISO 21 
100 1350 iP 


* Postheat treatment at 1300° F. for | hr: at 1350° F for '/. hr. 
t Mlongation of outer fibers. 
t Cracks or tears greater than '/, in. constitute failure. 
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postheating conditions. The longitudinal bend test 
provides an indication of the ductility of the weld metal 
and of the parent metal HAZ. The results of the longi- 
tudinal bend tests, Table 5 and Fig. 7, indicate that all 
of the welds, whether welded with or without preheat 
and/or postheat, had sufficient ductility to satisfac- 
torily undergo a 180-deg bend without failure (corre- 
sponding to an elongation of 21°; in 2 in. at the outer 
fibers). 

Side-bend test results for welds made without preheat 
or postheat and for welds made using a 400° F preheat 
and a 1350° F, '/s hr postheat treatment are presented 
Welds made using Codes A, B 


) 


in Table 5 and Fig. &. 
and 1) electrodes passed the side-bend test satisfactorily 
both in the as-welded and im the preheated and post- 
heated conditions. Welds made using Code EF elec- 
trodes passed the side-bend test satisfactorily in’ the 
preheated and postheated condition but two out of 
four specimens failed in the as-welded condition. 


No preheat 300° F preheat 
No postheat 1300° F postheat 


Code B 


Code D 


Fig. 7 Longitudinal bend-test specimens after testing 
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Code A — 
— 
Code E 


As-welded 
No preheat 


Code D 


As-welded OF preheat 
No preheat 1350 F postheat 


Code B 
As-welded OF preheat 
No preheat 1350) F postheat 


As-welded 400° F preheat 
No preheat 1350” F postheat 


hig. 8 Side-bend test specimens after testing. (EKach group of four specimens obtained from a single pipe weld) 


Evaluation of Preheat and Postheat Treatment 


by Hardness Measurements 


Welds made without preheat were postheated at tem- 
peratures of 1050, 1200 and 1350° F for times of '/:, 1, 
? and 4 hr 
Figs. 9 and 10. 
times #s long as 4 hr had no effect on the as-welded hard 


The results are presented in Table 6 and 
Postheating the welds at 1050° F for 


ness of the parent metal HAZ, but produced a slight in- 
crease in the weld metal hardness, particularly for the 
Code D electrode deposit Postheating the welds at 
1290° F for times as long as 4 hr produced only a small 
decrease in the hardness (compared to the as-welded 
hardness) of the Codes A and B weld metals and HAZ 
Postheating at 1200° F for times longer than 1 hi 
produced a significant decrease in the hardness (com- 
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of the Code D weld 
Postheating at 1350° F for times longer than 


pared to the as-welded hardness 
metal. 
: 9 hr produced a significant decrease te hardness of the 
weld metal and HAZ of welds made with the three elee- 
trodes 

Data from the ductility-hardness determinations in- 
dicated that the tensile ductilities (as measured by per 
cent elongation in 2 in.) of the weld metal and of heat- 
treated parent metal were proportional to their Brinell 
hardnesses. Caleulated from eqs 3 and 7, the ductility 
of the as-welded weld metal deposited with Codes A and 
B electrodes would be approximately 210) (compared 
with 23.5 and 19.0%, respectively, as shown in Table 3) 
while the ductility of the as-welded HAZ would be 


approximately 27°). The ductility of the as-welded 


weld metal deposited with Code D electrodes would be 
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Table 6—Effect of Time and Temperature on Hardness-Ductility of Welds Made in 1.25% Cr - 0.5% Mo Steel Pipe 


Postheat Time at —_— Hardness, Bhn*—-__~ Ductility,t avrg % 
Electrode temperature, temperature, Weld metal ———elongation in 2 
brand Maz 
Code A As-welded 252 2 4 
1050 / 246 2 4 
1050 252 5 | 
1050 246 2 4 
1050 252 2 1 
1200 f 246 2 I 
1200 228 8 
1200 216 0 5 
1200 : 208 6 7 
1350 198 9 s 
1350 193 0 
1350 195 6 3 
Code B As-welded 249 3 i.8 
1050 2 255 
1050 258 
1200 249 “2 6 
1200 222 225 6 Ss 
1200 222 8 0.5 
1350 2 OF 190 3 2 
1350 195 7 
1350 ( ISS 5.7 6 
1350 I85 Ss 
Code D As-welded 253 
1050 ) 258 iS 
1050 j 256 
1050 {). 258 
1200 /y 247 | 
1200 de 228 
1200 : 222 5 
1350 200 6 
1350 195 4 
1350 203 
1350 190 
Parent metal As-received 
* Converted from Rockwell hardness values. 
t Data calculated from eqs 3 and 7 (+3°% for parent metal and +2°%, for weld metal). 
t Ductility data for Code D electrodes were calculated from an equation, similar to eq 7, which was derived for 2.25°, Cr 
weld metal (not reported herein). 
§ Actual measured value. 
Table 7—Notch-Bend Tests and Hardness of Welds in 1.25% Cr-0.5% Mo Steel Pipe 
Ductilityt Deflection Deflection Energy Energy 
Thermal treatment avg. Mar to after to afler 
Electrode Preheat, Postheat, Notch Hardness, — elongation load, maz load, mazload, max load, maz load, 
brand ° Ft location Bhn* in 2 in, lb in. in, ft-lb 
Parent metal None None Base 156 33.3 2500 OS 148 
None 300 Base 153 6 2575 j 21 157 
None 500 Base 153 3.6 2630 Ww): 161 
None 1300 Base 147 2620 : 186 
Code A None None Weld 222 ’ ) 3180 5 4 119 
300 None Weld 216 2 3010 5 120 . 
500 None Weld 222 ; j 2850 32: 97 
None 1300 i 2730 65 75 127 
300 1300 2: 2850 
None None AG 23- 26.6 3075 150 O65 


300 None AZ ) 3090 196 
None j 3060 5 475 170 
1300 Aj 3060 O5 254 
1300 30.3 2075 247 
Code B None None Weld 6 3050 52! é 109 
K None Weld j 2 3050 5 K 108 
None Weld ) 2.4 3000 535 109 
1300 2800 45 37 123 
1300 ’ 2000 7 146 
None AY 22 7.6 3050 it 133 
None AZ 7.6 3100 7 169 
None AZ ; j 3025 if : 143 
1300 AZ 2950 5 217 
1300 ! 30.6 3075 254 >153 


* Converted from Rockwell hardness values. 
t Data caleulated from Equations 3 and 7 (+3°; for parent metal, +2°; for weld metal). 
t Postheat treatment—1 hour. 
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Fig. 9 Effect of postheat treatment on hardness of 1.0 to 
2.259% Cr-0.5 to 1.09 Mo weld deposits and of 1.25% 
Cr-0.59% Mo parent metal 


approximately 11°). Postheating the Codes A and B 
welds at 1200° F. for times as long as 4 hr would in- 
crease the ductility of the weld metal to approximately 
22°, and of the HAZ to approximately 29°7. Postheat- 
ing the Code D welds at 1200° F for times longer 
than 2 hr would increase the ductility of the weld metal 
to approximately 20°. Postheating the welds from all 
three electrodes at 1350° F for times up to 4 hr would in- 
crease the ductilities of the weld metals to approxi- 
mately 26°; and of the HAZ to approximately 32°; 


Evaluation of Preheat and Postheat 
by Notch-Bend Tests 


Noteh-bend specimens and hardness specimens were 
prepared from butt welds made using Codes A and B 
electrodes. Information on the preheating and post- 
heating conditions together with the data obtained from 
the notch-bend tests and hardness measurements are 
presented in Table 7. 

The use of a preheat decreased slightly the load- 
carrying capacity of the weld metal but had no effect on 
the load-carrving capacity of the HAZ. The use of a 
preheat appeared to increase slightly the load-carrying 
capacity of the parent metal. Postheat treatments 
(1300° F) in general decreased the load-carrying capac- 
ity of the weld metal and HAZ while increasing the 
load-carrying capacity of the parent metal. 

The amount of deflection at maximum load is often 
used as a relative indication of the ductility of the 
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Fig. 10 Effect of postheat treatment on hardness of as- 
welded 1.259 Cr=-0.59% Mo steel pipe HAZ 


specimen. The use of a preheat had little or no effect 
on the deflection at maximum load of the weld metal but 
increased slightly the deflection at maximum load of the 
HAZ. The use of a preheat increased slightly the de- 
flection at maximum load of the parent metal.  Post- 
heating after welding increased the ductility (deflection 
at maximum load) of all of the zones in the weldments. 
The energy absorbed to maximum load essentially is 
that required to initiate failure at the base of the notch. 
The energy absorbed to maximum load data, in this 
case, indicate results similar to the deflection at max- 
imum load data. The use of a preheat had little or no 
effect on the energy absorbed to maximum load by the 
weld metal but increased the energy absorbed to max- 
imum load in the HAZ; the 300° F preheat being more 
effective than the 500° F preheat. The use of a preheat 
appeared to increase slightly the energy absorbed to 
maximum load by the parent metal. Postheating the 
weldments increased the energy absorbed to maximum 
load by each of the zones in the weldments; the 300° F 
preheat, 1300° F postheat in general being more effec- 
tive than the 1300° F postheat used without preheat. 
The energy absorbed after maximum load essentially 
is that required for crack propagation. The data in- 
dicate that the use of a preheat had little or no effect on 
the energy absorbed after maximum load by the weld 
metal, but decreased considerably the energy absorbed 
after maximum load by the parent metal HAZ. The 
use of a preheat appeared to increase slightly the energy 
absorbed after maximum load by the parent metal. 


Postheating the weldments, in general, increased the 
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Table &—Impact Tests of 1.25% Cr-0.5% Mo Steel Butt Welds 


Thermal treatment 
Postheat, 
oy 


Klectrode 
brand 

Code A None None 

300 None 

500 None 

None 1300 

100 1350 

Code B None None 

300 None 

500 None 

None 1300 

400 1350 

Code D None None 

100 1350 

Code bk None None 
100 1350 

Parent Metal None None 
None 1350 


Preheat, 


2 energy level 


Transition temperature range 

15 ft-lb level, 
temp., ° F femp., ° F 
15 


Room te np 
ene ray, fl-lb 
+ 20 


tho to 
=~ = 


ee 
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energy absorbed after maximum load by all of the zones 
in the weldments.. The energy absorbed by the as- 
welded HAZ was greater than the energy absorbed by 
the postheated weld metal or parent metal, indicating 
that the as-welded HAZ has greater resistance to crack 
propagation than the postheated weld metal or parent 
metal. 


Impact Tests of Butt Welds 


Transition temperature curves were determined for 
welds deposited by four brands of electrodes under the 
following preheat and postheat conditions: 


1. No preheat; no postheat. 


uo 
© AS WELDED, 
NO PREHEAT 
X 400°F PREHEAT, 
1350°F S.R. 


TRANSITION 
TEMPERATUR 
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ENERGY ABSOSBED (FT. 13 


cove ‘a’ 
ELECTRODE 
125 % CR- 0.5% MO 
WELD METAL 
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TEMPERATURE OF TEST (°F) 


Fig. 11) Impact transition curves for 1.259% Cr-0.59¢ Mo 


weld metal, as-welded and after postheat 
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2. 400° F preheat; 1350° F, '/> hr postheat. 

In addition, energy absorption values for a number of 
temperatures were obtained for the Codes A and B elec- 
trode weld metals deposited under the following addi- 


tional conditions: 

3. 300° F preheat; no postheat. 

1. 500° F preheat; no postheat. 

5. No preheat; 1300° I, 1 hr postheat. 

All impact energy data are presented in Table 8 and 
in Figs. Il and 12 for Codes A and B electrodes. 
Energy absorption values of the HAZ at two different 
temperatures were obtained for welds made under con- 
ditions land 2 above. These data are presented in Fig. 
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Fig. 12) Impact transition curves for 1.09 Cr-0.59 Mo 
weld metal, as-welded and after postheat 
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Fig. 13° Impact transition curves for 1.259% Cr-0.59 Mo 
steel pipe HAZ of welds made with and without preheat 
and or postheat 


The use of a preheat (temperatures up to 500° F 
appeared to have little or no effect on the impact prop- 
erties of either weld metal. However, the energy 
absorption, at a given temperature, of the HAZ de- 
creased with increased preheat temperature. The use 
of a 1300° F postheat had no effect on the impact prop- 
erties of Code B welds but did increase the energy 
absorption values at temperatures above the transition 
temperature range for the Code A electrode welds 

Preheating at 400° F and postheating at 1350° F low- 
ered the transition temperature range for Code D weld 
metal but did not significantly change the transition 
temperature range for Codes A, B and E electrode 
welds. The preheat and postheat treatment did, how- 
ever, increase the energy absorbed at temperatures 
above the transition temperature range. 

In general, the data indicate that the weld metal de- 
posited by Code A electrodes has the best impact prop- 
erties of the four electrodes investigated both from the 
half-energy and the 15 ft-lb eriteria. The impact 
properties of the as-welded HAZ are better than those 
of either the weld metal or parent metal and compare 
favorably with the impact properties of the postheated 
HAZ. 

Transition temperature curves for the pipe material 
in the as-received and postheated condition (1350° F for 

» hr) are presented in Fig. 14. Postheating at 1350 
I for '/. hr produced a spread in the impact data at low 
energy values and increased the energy absorbed at 


high temperatures 


O AS RECEIVED 
isor- HEATED AT 1350°F-1 HR 


{ TRANSITION 
TEMPERATURE 


140 


° 
T T 


ENERGY ABSORBED (FT-LBS.) 


1.25 % CR- 0.5 %MO 
STEEL PIPE 


-100 100 §6©.200 300 400 
TEMPERATURE OF TEST (°F) 


Fig. 14 Impact transition curves for 1.259 Cr-0.59% Mo 
steel pipe, as-received and after heating at 1350° Ff 


DISCUSSION 


The results of the ductility-hardness relationship de- 
Mo weld 


metal are directly applicable to weldments made using 


terminations for the 1.0 to 1.256, Cr 0.5% 


the electrodes noted herein, since the conditions of weld- 
ing and of thermal treatments are comparable. For the 
1.25% Cr 0.55, Mo alloy steel parent metal, how- 


ever, the rates of heating and cooling, and the tempera- 
tures used for the heat treatments are not comparable 
with those experienced by the parent metal HAZ. On 
one hand, water quenching produces a more rapid rate 
of cooling than any found in the HAZ; on the other 
hand, normalizing (air cooling) represents a slower 
rate of cooling than any in the HAZ Also, the tem- 
peratures within the HAZ cover the range from about 
1430° F to over 2700° F, 
temperatures used were 1700 and 1900° FF. ‘Time 


whereas the austenitizing 


and temperature of austenitizing are significant factors 
in heat treatment, and the times used were excessively 
long when compared with those during which the 11.4 Z 
is at elevated temperatures 

All of these considerations, however, do not neces- 
sarily mean that the results obtained herein cannot be 
applied to the evaluation of the parent metal HAZ 
The range of hardness, from 148 Bhn for the as-received 
steel to 391 Bhn for the 1700° F water-quenched steel, 
encompasses the hardnesses measured in the HAZ of the 
1.25% Cr — 0.5% 


nificant correlation between hardness and ductility, and 


Mo pipe we lds In view of the slg- 
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hardness and strength, within the wide range noted, it 
is quite probable that HAZ properties can be inter- 
polated within reasonable limits of error. In any event, 
the evaluation of both weld metal and HAZ ductilities, 
based .on the hardness-ductility relationships deter- 
mined and confirmed to some extent by longitudinal 
bend test results, provides a more reasonable picture of 
weldment properties than do the results obtained from 
reduced section tensile specimen tests, where nonuni- 
form straining of high-strength weld metal and of lower- 
strength parent metal has been observed. 

The results of tests indicate conclusively that neither 
preheat nor postheat is required in welding 1.250, Cr 
0.5% Mo steel, using 1.0 to 1.25°7 Cr — 0.5% Mo low- 
hydrogen electrodes, in order to obtain adequate static 
and impact physical properties of the weldment. How- 
ever, the test welds made do not represent conditions of 
high restraint, under which it may be that cracking, 
particularly of root passes, might be encountered. In 
the absence of data on this effect, especially as to the 
order of magnitude of restraint stresses which promote 
cracking, it would be practical to consider the use of pre- 
heat (about 300° F) whenever free movement of the 
parts being welded is not evident. 


SUMMARY 


The results of this investigation of the are welding of 
125°, Cr 0.5% Mo steel pipe appear to warrant the 
following conclusions: 

|. The use of preheat temperatures up to 500° F has 
little or no effect on the strength, ductility and impact 
properties of the weld metal or HAZ of welds deposited 
from 1.0 to 125°) Cr 0.50% Mo low-hydrogen elee- 
trodes. 

2. Postheating of welds deposited from 1.0 to 1.25; 
Cr- 0.55) Mo low-hydrogen electrodes at temperatures 
in the 1300 to 1350° F range increased only slightly the 
ductility and impact properties of the weld metal and 
HAZ, compared with as-welded properties. 

3. Postheating of welds deposited from 2.250, Cr 
1.06% Mo low-hydrogen electrodes at 1200° F for 2 hr 
reduced the as-welded weld metal hardness to a level 
equivalent to that of as-welded 1.0 to 1.259 Cr- 0.5% 


Mo weld metal. ‘The use of this alloy rod, however, is 


not recommended in view of the satisfactory results 
obtained with 1.0 to 1.25) Cr 


0.55) Mo electrodes. 


4. The ductility and impact properties of the as- 
welded HAZ were superior to the ductility and impact 
properties of the 1.0 to 2.25% Cr—0.5 to 1.0% Mo weld 
metals and of the parent metal postheated at 1350° F. 

5. Unrestrained 1.0 to 1.25°% Cr — 0.5% Mo low- 
hydrogen electrode welds can be made satisfactorily 
without the use of either preheat or postheat. No data 
have been obtained on the effect of restraint; it is con- 
sidered, however, that preheat of 300° F would be 
practical and probably would be effective in preventing 
cracking, particularly of root passes, of highly restrained 
weldments. 

6. Although the work reported herein was limited to 
pipe welding, it is considered that the results are applic- 
able to alloy plate of similar compositions and up to */, 
im. in thickness. Comparable results also would be 
anticipated for out-of-position welds made with these 
electrodes, in view of previous data' and of the generally 
good all-position usability characteristics of the elec- 
trodes. 
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by I. A. Rohrig and H. S. Blumberg 


INTRODUCTION 


ATE in 1951 a report was given at a power industry 

meeting* that an investigation of a welded joint 

in ASTM A-335' Grade P-11 Mo) 

pipe removed from a main steam line, which had 
been in high-temperature service at 1000° F for less 
than a vear, disclosed the occurrence of carbide segre- 
gation and decarburization at the weld junction. The 
band was stated to be adjoined by a carbide-free area, 
consisting of a wholly ferritic zone. In some cases the 
carbide segregation appeared as an almost unbroken 
band of pearlite along the edge of the weld at the junc- 
tion with the heat-affected zone. It was suspected 
that this phenomenon might oecur only in those inter- 
mediate low-chromium, molybdenum-alloy steels con- 
taining higher silicon contents (0.50 to 1.00°7)) as in 
P-11 pipe. It was believed that, using the same weld- 
ing electrodes and heat treatment, carbide segregation 
does not occur when silicon is present in the lower range 
(0.500% maximum) with chromium and molybdenum 
within the chemistry range of P-11 material. 

The reported occurrence became the cause of serious 
concern to power plant operators, particularly those 
who had recently placed P-11 steel pipe in high-tem- 
perature service, as well as those who had specified that 
composition for proposed installations 

In view of the growing use and interest in this ma- 
terial, a need exists for a thorough knowledge of the 
behavior of this steel, particularly with respect to its 
response to heat treatment at welded joints. The pres- 
ent investigation reports the results of tests in which 
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‘arbide Segregation in Cr—'/2 Mo 
Steel Pipe Welded Joints 


® Conditions leading to carbide segregation and decarburiza- 
tion in steam pipe lines, effect of phenomenon upon welded 
joint properties, and means of preventing its occurrence 
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weldability and response to postwelding heat treat- 
ments were determined by means ol tensile, bend, im- 
pact, hardness and microstructural studies. Particu- 
lar attention Was given to the reported carbide segrega- 


tion phenomenon 


SCOPE OF INVESTIGATION 


A cooperative investigation of the phenomenon was 
undertaken by The Detroit Edison Co. and the M. W. 
Kellogg Co. In a joint review of the problem, the 
cooperators at once agreed that there are a great many 
variables involved. It was recognized that a complete 
investigation of all of these would extend the program 
far beyond the time which should be allowed to fur- 
nish industry with some assurance as to the suitability 
of welded joints currently in service or those now being 
fabricated. The investigation was therefore planned 
to obtain data regarding: (a) the conditions under 
which carbide segregation and deearburization occur 
in P-11 steel, (b) the effect of this occurrence on the 
properties of the welded joint and (¢) information as to 
prevention of the occurrence of this phenomenon in 
welded joints before they enter service. Accordingly 
the following three major factors were given primary 


consideration: 


Factor considered 
Silicon content of A-335 Low-silicon steel, high-silicon steel 
P-11 pipe Cr 
Mo 
Welding le« trode Three compo ol weld deposits 
Four t ypes of ¢ lectrode coatings 
Right heat treatments including the 
as-welded condition 


Heat treatments 


Kach company proceeded to make independent metal- 
lurgical studies. When the data were available they 
were considered jointly. As here reported, emphasis 
was given to the significance of the findings to users of 
welded construction in P-11 grade steel in steam power 


plant service. 
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MATERIALS INVESTIGATED 

The materials used by the two companies for this 
investigation consisted of pipe and welding electrodes. 
The pipe materials are listed in Table 1. These ma- 
terials were furnished by National Tube Co. and con- 
form to ASTM Specification A-335 Grade P-11 (14/4 
Cr '» Mo), with silicon contents respectively near 


Table 1—Pipe Materials Used for Test 


Pipe Size, in Chenical composition, % 

mark* Dram Thickness 4 Vn Si (7 Vo 
(a 010 O68 OGS 132 O54 
(ly 57/1 006 042 OOF 128 O.50 


* Pipe (a) was used by The M. W. Kellogg Co. and The De- 
troit Edison Co.; pipe (b) was used by The M. W. Kellogg Co. 
only 


the minimum and maximum of the allowable range 
which is 0.50 to 1.067). Unfortunately the pipe pro- 


ducer was able to furnish only sufficient length of the 


higher silicon material for a single circumferential weld. 
Deoxidation practice in melting was stated by the 
manufacturer to include the addition of less than ' » Ib 
of aluminum per ton. 

Hight welding electrodes were used, as listed in 
‘Table 2. Of these, five were | Cr ' » Mo grades, one 
1'/, Cr—'/, Mo, and two 2'/, Cr—1 Mo. All the 1 
Cr Mo electrodes were used by The Detroit 
Edison Co., the one Cr — Mo electrode by The 
M. W. Kellogg Co., and one 2!) Cr- 1 Mo electrode 


by each eooperator, 


PROCEDURE 


Group Tests 


Three complete welded joints were made. The pipe 
material was preheated to 500 -700°F before welding 
and Was maintained in that, temperature range during 
welding by means of electric-resistance type heaters. 
The welds were made in a fixed horizontal position. 
Measured from the top of the pipe, half of the cireum- 
ference of each weld was made with one of the differ- 
ent electrodes mentioned in Table 2 and the other half 
with another; that is, in making the three welds, six 
different electrodes, C through H, Table 2, were used. 

Strips were cut across the respective parts of the 
welds made with one of each of the six different welding 
electrodes. The strips were given the postwelding heat 
treatments shown in Table 3, and then were used for 
the following tests in so far as material was available: 


‘Tension tests 
Bend tests 
Charpy impact tests (specimens notched at the junc- 
tion of weld-heat-aflected zone, where carbide 
segregation and decarburization were reported) 
Hardness exploration 
Microscopic examination 
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Table 2—Electrodes Used for Test 


Elec- Deposit Type of electrode coating, 
trode Weld composition, ASTM A-316 
mark* identity nominal Class Description 
A 1-A, 2-A 1.25Cr-0.50Mo 16 Low-hydrogen, 
potassium 
B 3-B 2.25Cr-1.0 Mo 16 Low - hydrogen, 
potassium 
Cc 1 0Cr -0.50Mo 10 High-cellulose, 
sodium 
10Cr 0.50Mo 13 High-titania, 
potassium 
I 10Cr-0.50 Mo 16 Low-hydrogen, 
potassium 
I -F 10Cr 0.50Mo 15 Low - hydrogen, 
sodium 
G 6-G 10Cr 0.50Mo Partially lime- 


ferritic and ti- 
tanla-potas- 
siumt 
H 6-F 2.25Cr -1.0 Mo Partially lime- 
ferritic and ti- 
tania-potas- 
siumt 


* Electrodes A and B were used in the test welds made by The 
M. W. Kellogg Co.; Electrodes C, D, E, F, G and H were used 
in test welds made by The Detroit Edison Co. 

t Coating was not of a include tin 


These tests were meade by The Detroit: Edison Co 
As a part of this group of tests, weld prober samples 
were removed from two 12-in. diam main steam line 
pipe welds joining ASTM, A-335, Grade P-12 (1 Cr 

0.5 Mo) material to ASTM, A-106 Grade B (medium 
carbon steel) material. The weld between these two 
materials had been made with electrode D (1.0 Cr — 0.50 
Mo), Table 2, and had been postweld heat treated at 
1700° F, followed by cooling at the rate of 300° F per 
hour. These welded joints had been in steam power 
plant service at approximately 835° F for 3 vr before 
the weld-prober samples were removed. Although the 
Grade P-12 pipe material is somewhat lower in both 
silicon and chromium than the Grade P-11 material, 
these samples provided service data on chromium- 
molybdenum pipe and weld metal that had received 
a heat treatment above the upper critical temperature. 


Group I Tests 


Three welds were prepared, designated as 1-A, 2-A 
and 3-B in Tables 2 and 3. The pipe was preheated 
to 400-500° F before welding and maintained in that 


Table 3—Heat Treatment of Test Welds 


Treatments Welds treated 

No treatment (as-welded) 1-A, 2-A, 4-C, 4-D, 5-E, 5-F, 6-G and 
6-H 

1300° F, hr, furnace cool 1-A, 2-A, 3-B, 4-C, 4-D, 5-b, 5-F, 
6-G and 6-H 

1300° F, 2 hr, furnace cool 3-B 

1450° F, furnace cool 1-A, 2-A,3-B 

1550° F, Lhr, furnace =1-A, 2-A, 3-B, 4-C, 4-D, 5-F, 
6-G and 6-H 

1700° F, furnace cool =1-A, 2-A, 3-B, 4-C, 4-D, 5-E, 5-F, 
6-G and 6-H 

1700° F, hr, air cool 3-B 

1300° F, 1 hr, furnace cool 


1700° 1 hr, air cool 1-C’, 4-D, 5-F, 6-G and 6-H 
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temperature range during welding. The pipes were same ductility as anv of the stress-relieved, annealed 


rotated during welding so that all welding was done or normalized samples. ‘wo samples of the 2.25 Cr 
in the downhand position. Welds 1-A and 2-A were 1.0 Mo weld were tested in the as-welded condition 
made, respectively, in low- and high-silicon base metal, without stress relief. One sample was bent 180 deg 
both being joined with the same lot of 14.4 Cr—! 2 Mo without fracture. The other sample fractured) com- 
electrodes. Strips were cut across the welds and then pletely and in a very brittle manner during the bend 
subjected to the heat treatments listed in Table 3 for test; the fracture occurring at approximately 45 deg. 


The welds produced by three of the electrodes, 1-(', 


these welds. 


Weld 3-B consisted of low-silicon Ll! 4 Cr ' 4 Mo 5-E and 5-F, showed no defects of any type whereas 
base metal welded with a deposit of 2' ,Cr— 1 Mo elee- the other three had varying degrees of small pinholes 
trodes. Weld 3-B was given an immediate partial and fissures 
postheat treatment after welding, consisting of | hi Charpy-notched bar specimens with a V-notch in 
holding at 1300° F, followed by furnace cooling. The the weld-heat-affected zone gave relatively high values 
weld was then sectioned and given the heat treat- Hardness tests made in the weld metal m the heat- 

2 ments listed for this weld in Table 3.) The strips of each affected zone, and in the base metal of each weld joint 
weld in each condition of heat treatment were subjected after the five conditions of heat treatment, including 
to the same tests as used for the Group LI samples in so the as-welded condition, showed no unusually high 

’ far as material was available. These tests were made hardness values in any of the 1 Cr +, Mo deposits 
by The M. W. Kellogg Co As would be expected, the 2!., Cr 1 Mo welded joint 


had high hardness in the as-welded and the normalized 


conditions but these hardnesses were lowered con- 
RESULTS OBTAINED siderably by heat treatments to a degree known from 


past experience to be consistent for these welds. 


The results of metallographic observations on speci- 


Group I Tests 


mens from each of the six welds after each of the five 


Tension tests made on welded samples in both the heat treatments are contained in Table 4, in which there 
as-welded as well as the normalized condition showed is given a rating for carbide segregation and decarburiza- 
satisfactory strength and ductilitv. Most of the sam- tion. Grade P-11 pipe material, when welded with any 
ples broke in the base metal; two of the samples that of the five different | Cr—! 2 Mo electrodes used in the 
were heat treated at 1700° F broke in the weld metal tests showed no decarburization adjacent to the weld 

Guided-bend tests made on the stress-relieved strips deposit either in the as-welded condition or atter post- 
representing the welds from the six different lots of elec- weld heat treatment at 1300° FF. However, if post- 
trodes showed satisfactory bend results with no sign weld heat treated at 1550° F or higher followed by fur- 
of serious cracking in a 180-deg bend test. Two sam- nace cooling a decarburized zone occurred in the P-11 
ples of the 1.0 Cr ~ 0.50 Mo weld tested in the as- pipe metal adjacent to the 1 Cr » Mo weld deposit. 
welded condition without stress relief were bent 180 Grade P-11 pipe material, when welded with the one 
deg without fracture and exhibited approximately the 2'', Cr 1 Mo electrode used in the test, showed a 


Table —Summary of Metallographic Observations 


Vo Welds Vio Welds Vo Welds 
Heat Carbide 
treatment segregation Decarburization segregation Decarburization eqregation Decarburization 
As-welded None (5)* None (5 None (2 None (2 None ] Slight (1) 
1300 F, l hr, F.C. None (5 None (5 None (2 None (2 None (2 Shght (1) 
Moderate (1 
1300° F, 2 hr, F.C Slight Moderate (1) 
1450 F, lhr, F 5; None (2 None (2 Moder its | Strong (1) 
1550° F, Lhr, F.C None (1 Slight (2 None (1 Slight (2 Moderate (1 Strong (2) 
i Slight (2 Moderate (2 Slight (1 Strong (1 
Moderate (2 Strong (1 
1700° F, 1 hr, F. C None (1 Slight (1 Strong (2 Strong (2 Strong (2 Strong (2 
Slight (1 Moderate (3 
Moder ite (2 Strong (1 
Strong (1 
1700 F, thr, A.C None (5 None (4 Nome | Slight (1 
Slight (1 
1700° F, lhr, A.C None (2 None (2 Slight (1 Moderate (1) 
300° F, Lhr, F.C 
No of welds made 5 2 2 
Weld electrodes 0.50 Mo 1.25 Cr 0.50 Mo 25 10 Mo 
Pipe material 10%), in. diam (low silicon l «in. diam (high silicon 10°), in. diam (low silicon 
1 10°/, in. diam (low silicon 
Weld identity The Detroit Edison Co., five The M. W. Kellogg Co., two The Detroit Edison Co. and The 
welds welds M. W. Kellogg Co. one weld 
erat h 


* Numbers in parentheses represent the number of welded joints for each condition indicated 
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Fig. 1) Microstructure of representative weld cross sections between low-silicon 1.25 Cr-0.50 Mo pipe welded with 1.25 
Cr -0.50)Mo electrodes. Weld is on the right-hand side, junction is in the center. Photomicrographs at 100 
(a) As-welded. (6) 13007 Lhe. furnace cooled. (¢) 1450° F, Lhr, furnace cooled. (d) 1550° F, Lhr, furnace cooled. (e) 1700° F, L hr, air cooled: 


1300) he, furnace cooled. (f) 1700) 1 hr, furnace cooled, 


‘a 


gs? 
Ne, 


$2, 


Microstructure of representative weld cross sections between low-silicon 1.25 Cr-0.50 Mo pipe welded with 2.25 


Fig. 2 

Cr=-1.0 Mo electrodes, Weld is on the right-hand side, junction is in the center. Photomicrographs at * 100 
(a) 1300° F, Lhe, furnace cooled. 1300° F, hr, furnace cooled plus 1300° F, Lhr, furnace cooled. (c) 1300° F, hr, furnace cooled plus F. 
l hr, furnace cooled. (d) 1300° F, 1 hr, furnace cooled plus 1550° F, L hr, furnace cooled. (e¢) 1300° F, l hr, furnace cooled plus 1700° F, 1 hr, furnace 
cooled. (f) 1300° F, 1 her, furnace cooled plus 1700° F, 1 hr, air cooled plus 1300° F, 1 hr, furnace cooled. 
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(a) (bh) (e) 
le) 
= (b) (e) 
(d) (e) 


decarburized zone adjacent to the weld deposit 


in the as-welded condition and after postweld heating AS 


at 1300° F for stress relief. The decarburized zone 


became more prominent after the samples had been 
annealed at either 1550 or 1700° F. The finding that 
decarburization can occur in Grade P-11 pipe material 
welded with 2.25 Cr - 1 Mo weld metal and postweld 
annealed at 1550° F is thus in agreement with the re- 
sults reported at the EEI-AEIC meeting 


Group Il Tests 


Tension tests representing each of the three welds in 
the various conditions of heat treatment listed in 
Table 4 showed strengths consistent with the heat 
treatments to which they were subjected. In general, 
welds made with the 1'/, Cr 14 Mo electrodes and 


Fig. 3 Weld X\: 1300° FF, 2 hr, furnace cooled. 500 
the critical range broke in the weld metal. All spect- Fusion sone between 1.25 Cr-0.50 Mo basis metal] (left) 
and 1.25 Cr=0.50 Mo weld metal (right) 


heat treated below the critical range fractured in the “ 


base metal, whereas those treated within and above 


mens from the 2!), Cr—1 Mo welds fractured outside 
the weld as would be expected from the higher strength 
of this higher chromium-molybdenum composition 
Two important observations are that in no case did 
any fracture occur in the region where carbide segrega- 
tion or decarburization had occurred, also that all ten- 
sion-test fractures were accompanied by a high degree 
of deformation. 

Bend tests were made only on weld joints produced 
with 1' Mo electrodes. No failures were ob- 
tained in any of the tests, 1.e., no zone of weakness was 
found in any region in these welds where carbide segre- 
gation and decarburization were discovered micro- 
scopically. No bend tests were made on the 
Mo weld. 

Charpy-impact test specimens notched at the junc- 
tion of the heat-affected zone and the weld gave high 
values and disclosed no indication of weakness 

Hardness values obtained were consistent with those 
reported in the Group I tests. 

Data pertaining to carbide segregation and decar- 
burization are given in Table 4. Typical photomicro- 


graphs at 100 X are shown in Figs. | and 2. In both 


the low- and the high-silicon-base-metal weld joints, 
1-A and 2-A, made with Cr—' Mo electrodes, no 
appreciable carbide segregation or decarburization was 
noted at the junction of the weld and the heat-affected 
zones after treatments at 1300 and 1450° FF. The typi- 
cal microstructure of Weld X, Table 5, after stress reliet 
at 1300° F is shown in Fig. 3. However, after a slow 
cool from 1550° F, slight carbide segregation and de- 
carburization were noted in both welds. “Strong” 
effects were noted in both welds upon annealing (fur- 
nace cooling from 1700° Examples of the 


carbide segregation and decarburization that was found 
urbid Bree, Fig. 4 Fusion sone between basis metal (left) and weld 


in samples that had been furnace cooled from 1700° F metal (right). * 325 


are shown in Fig. he carbide segregation con- (a) Weld X. Table 5—1700° F. 1 hr, furnace cooled Weld 
TI Table 5—1700 FF. 1 hr, furnace cooled (ec) Weld Table 5—1300° F, 
hr, air cooled plus 1700) F, hr, furnace cooled 


sisted of pearlite, principally of the lamellar type 
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As- welded 


1300° F 
1 he 
Furnace cool 


1300° F 
2hr 
Furnace cool 


1450° F 
lhe 
Furnace cool 


1550° F 
1 he 
Furnace cool 


1700° F 
A.C. plus 1300° 


1700" F 
he 
Furnace cool 


1700° F 
thr 


Weld 


As welded 


1300° F 
1 ber 
Furnace cool 


1450° F 
1 he 
Furnace cool 


1550° F 
1 he 
Furnace coal 


1700° F 
thr A.C. plus 1300° I 
lhe FL C 


1700" F 
he 
Furnace cool 


Weld 


As welded 


1300° F 

1 he 
Furnace cool 
F 


2 be 


Furnace cool 


plus 1450° 


1300° F 
the F.C. plust§ 550° 
F.C, 


1700° F 
1 hr A.C. plus 1300° F 
thr 


1700" F 
1 he 
Furnace cool 


1700° 
thr ALC 


0.68% Si base metal 
Tensile teats 
(weld in center 
of bar) 
T. net 


Broke in 


Tupe fracture 
75, 490-75 ,700 
Both in base metal 
Ductile fractures 


000 
metal 
Duetile fracture 


000 
Well 
Duetile fracture 


78,100 
Welt 
Duetile fracture 


No tests 


000 
Weld 
Duetile fracture 


‘Id 
ductile fracture 
75,400 8% 000 
Base metal Well 


Ductile fracture Duetile fracture 


Y (0.96% Si base metal 


No tests male 


welded with 


78.600 
Rase metal 
Duetile fracture 


75,300 
Rase metal 
Ductile fracture 


No tests made 


78,700 
Weld 
Duetile fracture 


8300 
Weld 
Duetile fracture 


Z (0.68% Si base metal, welded with 


77500-77700 
Both in base metal 
Duetile fractures 


72,500-73,000 
Roth in base metal 


Ductile fractures 


72,600-72,509 
Both in base metal 


Duetile fractures 


No tests made 


No tests made 


75900-8383 500 
Base metal Weld metal 
Ductile Duetile 


70,400. 70,400 
Roth in base metal 
Duetile fractures 


85 000-85, 500 
Both in base metal 
Ductile fractures 


welded with 1! 


Table 5 


a Cr 


Pree-bend tests 
(HAZ in 
of bar 

elongation 


center 


Outer fiber 
52% 


No failure 


50% 


No failure 


50% 51% 
No failure 


51% 


No failure 


No tests roade 


60°; 
No failure 


54% 
No failure 


54% 
No failure 


No tests made 


30.7% 29.1% 
No failure 


31.9% 31.9% 
No failure 


No tests made 


28.8% 36.8% 
No failure 


40.2% 36.9° 
No failure 


2'/4Cr 
(Weld in center 
of bar) 
30% 
No Complete 
failure failure 


50% 


No failure 


No tests made 


No tests made 
No tests made 
No tests made 


42°% 50% 
No failure 


+ Mo deposit 


» Mo deposit 


1 Mo deposit; 


104/4-in 


Charpy tmpact 
tests 
(notched at 
junction of 


weld and HAZ 


OD x */s-in 
No tests made 


10°/¢-in. OD x 1!/s-in 


34.5 
36.0 
36.0 


36.0 
37.0 
38.0 


No tests made 


No tests made 


No tests made 


OD x 1'/ein 


wall pipe) 


Weld 
Max 
240 
Avg 
223 
Max 
195 
Ave 
182 
Max 
m0 
Ave 
185 


Hardness values 
Junction 
Max 
245 
Ave 
234 
Max 
145 
Ave 
185 
Max 
Ave 
189 
Max 


wall pipe) 


Max 
210 
Ave 
207 
Max 
205 
Ave 
190 
Max 
190 
Ave 
180 
Max 
165 
Avg 
163 
Max 
176 
Ave 
169 
Max 
137 
Avg 
134 


wall pipe) 


Max 
240 


Bave 
metal 
Max 
180 
Ave 
171 
Max 
162 
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on 
108 
42 
o4 
43.0 
4 Ave 
160 
aa 169 
57 Ave 
166 
Max Max - 
0.0 160 180 153 
57.5 Ave Ave Ave 
160 178 152 
Ay 54.5 Max Max Max 
4.0 156 165 a 
50.5 Ave Ave Ave 
156 165 158 
4.0 Max Max Max 
495 159 169 180 
47 0 Ave Ave Ave 
158 160 180 
72,500 | 48.5 Max Max Max 
45 5 132 137 153 
47.5 Ave Ave Ave 
i 130 135 152 
79.5 Max Max Max 
. OS 200 185 200 
69.5 Ave Ave Ave 
172 170 176 
228 165 
Ave Avg 
222 159 
63.0 190 162 
Ave Ave 
187 157 
63.5 Max Max 
81.5 185 156 
Ave Ave 
172 153 
No tests made Max Max 
159 153 
; Ave Ave 
157 151 
162 
Ave Ave 
159 160 
44.7 137 153 
Ave Ave 
136 147 
168 160 
Ave Ave Ave 
230 160 150 
150" 
180 150 138 
Ave Ave Avg 
; 172 147 134 
4 M M Ms 
Max Max ax 
185 178 142 
Ave Ave Ave 
210 180 144 
207 178 142 
1300° F Max Max Max 
Lhe F, 169 150 137 
lhe F Ave Ave Ave 
167 147 133 
Max Max Max 
156 139 130 
Avg Ave Ave 
: 154 138 125 
FC Max Max Max 
1@5 165 152 
Avg Ave Ave 
£ 163 162 153 
41.0 Max Max Max 
ae 47.0 150 139 137 
46.5 Avg Ave Avg 
| 147 138 136 
ti Max Max Max 
302 190 190 
Avg Avge Ave 
297 180 180 
820 


carbon of the carbide segregate appeared to have been 
drawn chiefly from the pipe material as evidenced by 
the adjacent decarburized band in the pipe No appre- 
ciable effects were observed when the heat treatment 
consisted of normalizing (air cooling from 1700° F 
Both low- 


and high-silicon-base metal welds meade with elee- 


followed by stress relieving from 1300° F 


trodes of similar composition thus show nearly similar 
microstructural behavior after the various heat treat- 
ments. 

A greater degree ol carbide segregation and decar 
burization was observed when welding of 1! 4 Cr 
Mo base metal was done with the ‘dissimilar’ deposit 
of Cr- 1 Mo composition 
Table 4 that the 2"), Cr—1 Mo weld showed some 


effect after each of the heat treatments used 


It will be observed in 


DISCUSSION 


The data presented in Table 4 represent observations 
on 48 specimens from welds made with nine different 
electrodes which deposited three separate weld metal 
compositions. The effect of eight heat treatments is 
also considered. The data ere evidence regarding the 
occurrence of carbide segregation and decarburization 
in the 1'4 Cr!» Mo, Grade P-11, pipe material in- 
vestigated 

It was noted that when carbide segregation takes 
place, it occurs very close to the Junction of the weld and 
base metal but on the weld metal side The depletion 
of carbon appears mostly on the base metal side of the 
weld. 

Data available for the 1 C1 Moand 


Mo deposits indicate that carbide segregation or decat 


burization does not oceur in either the as-welded condi- 


Fig. 5 1335, Grade P-12, pipe material (left) 1 Cr-0.50 
Vo weld metal (right). 1700° FL 2 hr. cooled at 300° I 
perhr. 100 
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tion, after a stress reliel at 1300° IF, or after stress relief 
at 1450° F 
segregation and decarburization in the pipe material 


The occurrence ot a moderate degree of 


itself is apparent with this type of weld metal after a 
furnace cool from 15507 F and is most pronounced after 
a furnace cool from 1700° FP. It is unlikely that the 
1700° F heat treatment would be used for welded 
joints in these materials unde ordinary conditions of 


Mo and 1'/, Cr—'/. Mo 


weld jomts show a negligible amount of decarburiza- 


fabrication. The 1 Cr 


tion or carbide segregation after normalizing from 
1700° F, or when that treatment is followed by u stress 
relief at 1300° F 

From the tests made with 2' , Cr 1 Mo deposits, 
it appears that in the as-welded condition no carbide 
segregation is: present However, after a stress relief 
at 1300° F and higher, moderate to strong effects are 
observed. The most severe results were noted after 
annealing trom 1700° FF. It is thus indicated that if 
carbide segregation at the weld junction in 
Mo steel is to be prevented, 2! 4 C1 | Mo electrodes 
should not be used, unless the heat treatment consists 
of normalizing at 1700° F followed by stress relieving 
at about 13000 


that there is no evidence to indicate that carbide segre- 


llowever, it must be pointed out 


gation and deecarburization present the greatest 
degree ol served in this mivestigntion is harmful for 
service 

No. difference was observed metallographieally he- 
tween the weld made in the high-silicon pipe material 
and the low-silicon steels. Evidently the silicon con- 
tent of the pipe materials had no effect in promoting or 
suppressing carbide segregation 

The physical test data, summarized in ‘Table 5, show 


that the tensile strength, bend ductility and notched- 


hig. 6 106. Grade B. steel Ceft), 1 Cr-0.50 Mo weld 
metal (right). 17000 2 hr. cooled at 300° per hour. 


Carbide Segregation | 


bar properties appear not to have been seriously af- 
fected by the carbide segregation and decarburization 
that was produced in the welds tested. 

Tension, bend and impact tests made at room tem- 
peratures disclosed no brittleness or other weakness, 
even in those welds containing the most severe carbide 
banding and decarburization. This may be con- 
sidered of prime significance as indicating that when the 
maximum degree of segregation observed in the tests is 
present in welds there appears to be little cause for 
alarm. 

It may be questioned whether the observed micro- 
structures will remain stable in service. In an effort 
to obtain data on this point, this investigation is being 
continued with a study of the effect of time at 1050 to 
1100° F. As mentioned earlier, samples representing 
A-335, Grade P-12, material and A-106 Grade B ma- 
terial welded with | Cr 0.50 Mo electrodes and post- 
weld heat treated (normalized) at 1700° F showed no- 
decarburization or carbide banding after 3 years’ serv- 
ive at 835° FL Figures 5 and 6 show the fusion zone of 


those particular welded joints. 


CONCLUSIONS 


1. Carbide segregation and accompanying decar- 


burization may occur, under some conditions, at the 
junction of the weld and heat-affected zone of ASTM 


A-335, P-11, (1' 4 Cr ' Mo) steel welded joints. 
» 


2. With even the most severe carbide segregation 


and decarburization observed, there was no indication 
of embrittlement or weakness at the junction, as 
judged by room temperature tests. 

3. Slow cooling from above the upper critical tem- 
perature, that is, annealing, vields the greatest degree of 
-arbide segregation. 

4. Air cooling from above the upper critical tem- 
perature, that is, normalizing, inhibits carbide segrega- 
tion. 

5. Stress relief at 1300° F, following normalizing, 
had no effect on carbide segregation. 

6. When the chromium and molybdenum contents 
of weld metal are appreciably higher than in the base 
metal, slight carbide segregation and decarburization 
begin to occur with a heat treatment involving slow 
cooling from 1300° F or higher, increasing in degree 
as the heat-treating temperature is raised. 

7. In welded joints of which the composition with 
regard to carbon, chromium and molybdenum is nearly 
similar in both weld and base metal, no appreciable 
carbide segregation appears to occur when postwelding 
heat treatment is carried out at temperatures which 
are below the lower critical temperature. 
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Are Welding of Ferritic and Austenitic \odular 
‘ast tron 


® An investigation of filler wires for inert arc welding of 
nodular cast iron to stainless steel for jet engine parts 


by J. Sohn. W. Boam and using cast rings with a 0.090 “web” thick Part I of this report will deal with the 


H. Fisk ness and AISI 321, 0.090 sheet metal presently used austenitic nodular iron 
struts. The key to the solution lay in Part IT will report the progress on the use 
developing a weld procedure for joining of ferritic nodular as an allov-saving ma 

Abstract the struts to the rings terial 


The are welding of ferritic and austenitt 
nodular cast iron for application to jet 
engine parts has been investigated. Filler 
wires studied include nickel base, saus- 
tenitic and ferritic stainless, aluminum 
bronze and low-carbon steel. The specific 
application required a high-strength fillet 
weld between the austenitic nodular cast 
iron and I&-8& stainless sheet For this 
tvpe weld a martensitic stainless rod com 
parable to AIST 431 in composition was 
found to be superior Repair of casting 
defects found in nodular iron was sue 
cessfully accomplished through the use of FOR PRODUCIBILITY THIS WAS 
the commercial 6ONi Oke electrode SEPARATED INTO AN INNER RING, 
On the ferritic cast nodular iron AIST 310 
produced the most sutisiactory welds AN OUTER RING, AND TEN STRUTS. 
between the nodular iron and NAX sheets. 
In addition to the usual room temperature 
mechanical properties the effect of testing 
temperature, the fatigue strength of base 
materials and joints and the effeets of 


BRITISH PART 
MACHINED FROM A ONE 
PIECE ALUMINUM FORGING 


THE adopt the British 3S: 
N. THI idop lon ol | ip AS CAST IWNER RING AS CAST OUTER RING ren 
phire jet engine to large-scale American NODULAR NL-RESIST NODULAR NLRESIST STRUTS-STANLESS STEEL 


production as the Wright J-65 turbo 
jet) at the Wright Aeronautical Division, 


heat treatment were obtained. 


INTRODUCTION 


one of the most serious problems involved 


the fabrication of the center main bearing 


support section through which the full 


thrust of the engine is transmitted The 


problem was further complicated by the 


increased performance requirements ol 


the Air Force which made mandatory the ' 
use of an alloy with better high-tempera MACHINED INNER RING MACHINED OUTER RING DETAR OF STRUT 


ture properties than the original aluminum 


alloy. 


The problem and its solution are shown 


pictorialls in Fig 1, as the original, one 


DUCTILE NI-RESIST CAST 
AND WELDED ASSEMBLY 


piece, contour-milled aluminum part and 


the compone nt details of the final design 


J. Sohn is Project Engineer, W. Boam is Asst 


Project Engineer and H. Fisk is Senior Metal 
lurgist with the Wright Aeronautical Division of 
the Curti Wright Cory W ood-Ridge, No J 


Paper presente at the . ; 
AWS, Houston, Tex, June 16-19, 19 hig. 1 Development of the welded composite center main bearing support 
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hig. 2 


Cross sections of an as-cast inner ring (right) and a similar section (left) 


after machining 


Note that only the outside surface is machined. 


Part I 


MATERIAL 


The material for the cast rings, shown 
in section in Fig. 2, is a special austenitic, 
nodular iron developed in’ collaboration 
with the American Brake Shoe Labora 
tories and cast with a 0.030-in. tolerance 
in their foundries, It is cast to the follow- 
Ing composition ranges: 


Carbon 63 
Manganese 2 
Silicon 0-3 
Phosphorus 15 max. 
Sulfur O5 max. 
Nickel 025 0 
Chromium 5 max. 
Molybdenum 3 max. 


The properties in comparison with fer- 
ritie nodular iron and with the aluminum 
alloy are shown in Fig. 3. The austenitic 
composition is necessary because of bolting 
to aluminum and austenitic stainless parts 
whose expansion coefficients must be 


matched 


Fig. 3 


AVERAGE VALUES 
CAST NODULAR Ni RESIST 
— —— CAST NODULAR FERRITIC IRON 
—— BRITISH ALUMINUM ALLOY 


Ly 


> 


1000 PS! 


STRESS 


+ 


600 800 1000 
TEMPERATURE - *F. 


Fig. 3 Short-time tensile properties 
vs. temperature 


Type I specimen after room-temperature tensile test. 
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4 Test specimen used for pre- 
liminary evaluation 


With a fillet on one side only, sections were 


WELDING DEVELOPMENT 


In addition to the manual metal are, 
tests were also conducted with inert- 
Wherever 


aVailability of wire permitted, tests were 


gas-shielded metal-are process. 


made with this process using an Airco- 
matic Model No. 3 manual gun unit 


WELD SPECIMENS 
(4) Types Land II Specimens 


Two simple weld specimens were used 
for preliminary evaluation. These spec- 
imens were made by welding a stainless 
plate to a nodular cast-iron base as shown 
in Fig. 4. 3/,-in. thick 
were then cut to make tensile specimens 


Sections about 
Type I (Pig. 5) was used for short-time 
tensile tests at room temperature and 
Type IL (Fig. 6) for test at elevated tem- 


peratures. 


(B) Type IIT Specimens 


This type of specimen requires a butt 


Approx, 1 
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3 
« 
TC“: used for bend tests. For tensile testing, fillets 
: were made on cach side of the sheet and sec- 
a tions cut out for specimens. 
| | | | 
UTS 
60 
O2% YS 
| 
\ 
a 
ke 
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weld between stainless steel and nodular 


iron as shown in Fig. 7. From. these 
welded sections standard ! in tensile 


specimens are machined 


(C) 


Type IV Specimens 


It was desirable to evaluate a tensile 
specimen which more nearly duplicated 
the stresses encountered in the subject 
part and for this purpose the specimen 
shown in Fig. 8 was designed. Circular 
plates of nodular iron are welded to each 
end of a stainless steel tube 2! in. in 
diameter, 6'/ in. long, with 0.094-in. wall 
thickness. 


WELDING EVALUATION—INERT - 
GAS-SHIELDED METAL ARC 


The welding data for the wires investi 
gated are listed in Table 1 The weld 
specimen used for this evaluation is shown 
in Fig. 5 

On the basis of the preliminary evalua 
tion, only Ambraloy No. 928 and Airco No 
100 appeared worthy of continued investi 
gation 

Metallurgical examination showed that 
specimens welded with aluminum bronze 
by the inert-gas-shielded metal-are process 
were found to have a considerable area of 


white iron under the weld deposit. Glob 


Fig. 6 Type I specimen after tensile test at 750° F. 


ipprox. 1 


hig. 7 Type HI specimen employed to obtain welded standard '/,-in. tensile 


specimens 


ules of white iron are also found in the 
iluminum bronze matrix. This condition 
oeceurs ber fuise ron and eoppel base alloy 
ire not soluble in large proportions and 
would exist in all welds made with alu 
minum bronze 

From these tests it was concluded that 

1. Welds made with aluminum bronze 
by the inert gis shielded metal-are process 
have relatively good mechanical proper 
ties at room temperature and 750° F in the 


Base Metals: 


Wire We ldina Wire 

Wire diam, current, feed 

type in amp ipm 

No. 61 Niekel* 0 045 235 145 
Nickelt 0.045 245 14s 
60-40. 230 70 
Inconel No. 62 1 205 70 
307 0.035 1) 315 
Ambraloy 928% 255 115 
Ambraloy 9288 0 035 140 215 
Airco No. 100 wat 275 140 


Table 1—Data for Welds Made by the Inert-Gas Metal-Are Process 


Austenitic Nodular Cast Trot 


and 18-8 Stainless Steel 


Shielding 
gas, 
eth Remarks 
Transverse cracks in weld, 
severe under bead crack 


Argon 30 


ng on second side 
welded 

Porous weld deposit, little 
strength 

Transverse cracks in weld, 
longitudinal crack at end 
of second weld 

Transverse cracks in weld, 
longitudinal crack at end 
ol second weld 

Transverse cracks in weld, 
longitudinal crack at end 
of second weld 

Satistactory 

Satistactory 


Satisfactory 


Argon 30 


Argon 30 


Argon 


Argon 30 


Argon 30 
Argon 30 
Argon 30 


* Composition: 97'/2% nickel, 2'/2% titanium. 


t Commercially pure nickel 

t Composition: 60% nickel, 40% iron 

§ Composition: 92% copper, 8% aluminum 
Composition: 
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00% copper, 10% aluminum. 
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Fig. 8 Type specimen designed to 
simulate stress condition encountered 
in the actual part 


This particular specimen was welded with 
AISI 431 electrode and tested at 70°F. Failure 
occurred in the stainless sheet. Magnification 


$25 


|. 
| 
on 
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wo 
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- 
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with iron, a reasonable tolerance for car- 
bon, and should preferably result in an 
austenitic deposit. To avoid overheating 
of the weld material, it should be capable 
of being deposited at a low heat. 

Specimens of the type shown in Fig. 4 
were welded on one side only, using the 
following austenitic type of stainless stee! 
electrodes, AISI 310, 312, 316, 330 and 
347. All specimens when bent broke 
through the weld and showed very little 
ductility. Most of them had weld cracks 
before they were broken. The results 
were so unsatisfactory that further work 
appeared unnecessary. 

Similar tests were made using AISI 
430, 431, 442 and 446 electrodes. Of 
these AISI 431 and 430 gave the best re- 
sults, with the AISI 431 appearing to be 
superior. It was almost impossible to 
break the specimen by bending and when 
fracture did occur large pieces of cast iron 
were pulled out by the weld. Further weld 
ing development was then concentrated on 
these welding electrodes. It should be 
pointed out at this time that the electrode 
referred to as AISI 431 throughout this 
report was made by coating AISI 430 
wire with flux containing about 2.00°, 


nickel, 


ty 


Fig. 9 Typical failure of an Ambraloy No. 928 joint in the as-welded condition 


Maximum stress developed in the sheet at failure was 87,000 psi. 


2. Mechanical Properties of Welded 
Specimens 


Type I specimens were made using AISI 
131 welding electrodes. The results ot 
tensile tests, after various heat treat nents, 
These results are 


Kig. 10) Typical failure encountered in Ambraloy No. 928 welds subjected to heat 


treatments of 1000° F and above 


are shown in Table 2. 
far superior to those for aluuninum bronze 
welds with the failure frequently occurring 
in the stainless sheet. 


Failure consistently occurred in this manner. Note cracks in the globule of white iron which 
was trapped in the weld deposit. Maximum stress developed in sheet and failure was 66,700 psi. 


aluminum bronze using the inert-gas- Similar tests were made on Type | 


shielded metal-are process, it was possible 


as-welded condition, and that any heat 
treatment above 800° F results in a sub- 


specimens using AISI 430 electrodes and 


results are shown in Table 3. It will be 
noted that the values are not as high as 
those obtained from AISI 431. 


to some extent to predict the requirements 
for a successful welding procedure. The 
welding wire should have good solubility 


stantial decrease in strength. Figure 9 


shows the type failure in an as-welded 
specimen. The effect of heat treatment 
at L000" F is indicated by the mode of 
Note also that 
the globules of white iron cracked under 


failure shown in Fig. 10. 


stress and would be a constant potential 
able 2—Type | Specimens Welded with AISI 431, Room Temperature, Tensile 
Test 


source of premature failure 


2. A large area of hard white iron 


Austenitic Nodular Cast [ron and 18 8 Stainless Steel 


under the weld is unavoidable when using Base Metals: 


the aluminum bronze welding wires with 


Stress in 


the inert-gas-shielded metal-are process Postweld sheet at 

and cannot be eliminated by heat treat- heat treatment failure, psi Type of failure Comments 

ment without destroying the strength of |. None 91,000 Pulled out in the iron Weld deposit nonmagnetic 

the weld. The presence of such a large 2. None ¥ 6, 500 In stainless sheet. Weld deposit nonmagnetic 
900° F, 1 hr 500 Pulled out in the iron Weld deposit nonmagnetic 

1. 900° F, hr 96, 700 In stainless sheet Weld deposit nonmagnetic 

sirable under any condition and could not 5. 1000° F, thr 63 ,.000* Underbead crack Weld deposit nonmagnetic 

possibly be tolerated in a high stress area 6. 1000° F, 1 hr 93,000 In stainless sheet Weld deposit nonmagnetic 
3’. The necessity of operating the inert- 7. 1100° F, 1 hr 90,000 Shear through weld Weld deposit nonmagnetic 
8. 1100° F, hr 88 , 500 Shear through weid Weld deposit nonmagnetic 

1400° F, 3 hr 84,000 Shear through weld Weld magnetic 

levels prevented welding without getting 10. 1400° F, 3 hr 00,000 Shear through weld Weld magnetic 


excessive weld dilution from the low- 


melting base metal 


WELDING EVALUATION—MANUAL 
FLUN-COATED METALLIC ARC 


Selection of Electrodes 


On the basis of work accomplished with 


826 


* This lower value was due to the underbead crack 


There has been no indication of 


this kind of difficulty on the subject part where the restraint is far less than in Type I 
specimens. 


Welding process 
Welding wire 


Shielding 


Welding current 
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Welding data 


Manual metallic are 


AISI 431, '/, in. diam 
Flux-coated electrode 


90 amp, reverse polarity 
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Results of tensile tests at 750° F made 
Table 3—Type I Specimens Welded with AIST 430, Room Temperature Tensile on Type IL specimens welded with AISI 
wom 131 electrodes are shown in Table 1 
Base Metals: Austenitic Nodular Cast Iron and 18-8 Stainless Steel Failure consistently occurred in stainless 


Postweld Stress in chact at Magnetic properties sheet Welds made with this electrode 


heat treatment failure. pst Type of failure of weld were strong enough to use the full strength 
None 85,000 Pulled out in the iron Magnetic of the stainless sheet 
81,400 Shear through weld \ comparison of Tables 2 and 3 will 
None i Underbead crack Magnetic | t} : ‘ 

sho ut elds ade ith AISI 431 
800° F, 1 hr 82, Pulled out in the iron Magne ain ate: oe ee 
800° F, 1 hr ‘ Pulled out in the iron Magne 
1100° F, 1 hr 40, Pulled out in the iron Magnetic made with AIST 430 electrodes were mag- 

1100° F, 1 hr , Underbead crack Magnetic neti The one exception to this is the 
F, 
F, 


electrodes were nonmagnetic while those 


1400 1 hr D, Shear through weld Magne le AIS] 431 weld heat treated at 1400° F for 


1400 1 hr 8,2 Pulled out in the iror Magne ll 
3 hr The nonmagnetic weld indicates 


that under normal conditions the 2°; 
Welding data nickel in the AISI 431 welding wire was 
Welding proce Manual metallic ar just enough to hold the deposit austenitic 
Welding wire AISI 430, '/, in. diam 
Shielding Flux-coated electrode 
Welding current. 90 amp, reverse polarity 


The weld deposit should be austenitie so 
is to mateh the coefficient of expansion 
of the austeniti custings and struts 
Because of the apparent superiority of 
AISI] 431 evaluation of AIST 430 was car- 
Table 4—Type I] Specimens Welded Table 5—Standard ||, Tensile Speci- riad no furthe: 

with AEST 431, 750° F Test Tempera- mens Made with AISI 431 Electrodes, 

ture No Postweld Treatment 


lhe results of tests made on standard 
diam tensile made from Type 
Base Metals: Austenitic Nodular Cast Base Metals Austenitic Nodular Cast 


Iron and 18 8 Stainless Steel Iron and IS-8 Stainless Steel pecimen are shown in Puble 5 Beewu 


the specimen included three kinds of ma- 

Postweld Stress in Tempe ra- SMress al os terial, it was difficult to interpret the elon 
heat sheet at ture, } failure, pst Type of failure 


, gation between gage marks. The weld 
treatina nl failure, pst Type ol failure | 


Room 60, 500 Tron-weld interface deposit showed no reduction alter failure, 
65,500 In stainless sheet 2 toom 62,500 lron-weld interface 
65,700 In stainless sheet >. 800 52,500 In cast iron as 
None 65,700 In stainless sheet 1. SOO 53, 500 In cast iron parently had not) been reached Phe 
stainless steel had just started to yield 


since the vield strength of the weld ap 


Welding data Welding data it failure. While the cast-iron portion 
Welding process Manual metallic Welding process Manual metallic 
ure are 
Welding wire AISI 1, s In Welding wire AISI I s In that section The ippearance of this 
diam diam portion Was the same as on specimens 
Shielding lux-coated elec- Shielding lux-couted le 
trode trodes 
Welding current 90 amp, reverse Welding current 90 amp, reverse 
polarity polarity those found for nodular east iron, which 


of the specimen was greatly reduced with 


ilmost all of the vielding taking place in 


made entirely of nodular cast iron, Ten- 


sile strengths compare favorably with 


Fig. 11 Weld interface showing austenitic nodular cast Fig. 12 Weld interface between austenitic nodular cast 
iron (upper portion) and AIST 431 deposit iron (upper portion) and AISI 431 after treatment at M0074 
for3hr 


Small areas of white iron are evident. As-welded condition. Mag- Some transformation to flake graphite has taken place. Magnifiea- 
nification 100. Etech: 1% Pieral, 5% HCI. tion 100. Etch: 1% Pieral, 5% 
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is about 60,000 psi at room temperature 
and about 50,000 psi at 800° F. 

Type IV tensile specimens were made 
using AISI 431 electrodes and tested at 
750° KF. The results are recorded in 
Table 6. In all of these failure occurred 
in the stainless sheet. Figure 8 indicates 
that the stainless tube has yielded. 

All of the tensile tests made on speci- 
mens welded with AISI 431 electrodes 
show that the short-time tensile properties 
of the weld joint are as good as, or better 
than, the base materials. There is little 
or no creep problem in the subject part 
since the operating temperatures are rela- 
tively low and the high level stresses 
imposed by maneuver loads are of short 
duration, 


3.) Metallurgical Examination 


Microscopic examination of composite 
welds made with AISI 431 electrodes show 
that, although the formation of white east 
iron under the deposit could not be en- 
tirely prevented, the extent was mini- 
mized to the degree that no detrimental 
effects were apparent 

As may be seen in Figs. 11 and 12 whieh 
show the microstructure as-welded and 
after treatment at 1400° F for 3 hr some 
breakdown of the white iron is obtaine | 
by the heat treatment with the carbon 
appearing largely as flake graphite rather 
than nodules. The hardness of the white 
iron was found to drop from Re 51 to 
Red4, while the weld deposit) inerensed 
from Rb 90-100 to Re 22-23. The 
change (approximately 4 points Re) from 
a nonmagnetic weld deposit to a magnetic 
one further indicates transformation 
from the austenitic state at this elevated 
temperature Tensile results (Table 2) 
show that no improvement in properties 
is obtained by treatment at temperatures 
from 900 to 1400° F and consequently 
any treatment in addition to the stress 
relief is inadvisable 

Because of dilution the weld deposit 
is largely austenitic, and as a result is 
compatible with the two base materials. 
A chemical analysis of the deposit: gave 
the following results: 


Carbon 0 50 
Manganese 0 92 
Nickel 5.15 
Chromium 13.3 
Silicon 0 8S 


DEVELOPMENT OF A STRESS- 
RELIEF TREATMENT 


The military requirements for this part 
call for a material which remains stable 
to—75° F. Although the present analysis 
is stable, high-temperature heat treatment 
may affect stability adversely, therefore, 
it is considered desirable to keep stress- 
relief treatments at temperatures below 
1000° FF. This sensitivity of base metal 
to instability after high-temperature heat 
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Table 6—Type IV Specimens Welded with AISI 431, 750° F Test Temperature, 
No Postweld Treatment 


Base Metals: Austenitic Nodular Cast Iron and 18-8 Stainless Steel 


Total Stress in 

Specimen force, lb sheet, psi 
41,150 58,000 

2 48,350 68,000 


Type of 
failure Comments 


In sheet Failure started where thermo- 


couple wire was brazed to 
sheet metal 


In sheet Necked down considerably be- 


fore failure 


Welding data 


Welding process 
Welding wire 
Shielding 
Welding current 


treatment was paralleled by the behavior 
of the weld deposit. Table 2 shows that 
heat treatments of 1400° F change the 
weld from nonmagnetic to magnetic in- 
dicating that some austenite has trans- 
formed. This behavior of the weld and 
base metal showed the necessity for keep- 
ing the stress-relief temperature as low 
as practical, Relaxation data on the base 
metal show that a treatment at 850° F for 
4 hr will remove from 30 to 35°; of the 
locked-up stresses. Although complete 
stress relief is not obtained, this treatment 
is an optimum compromise and is ade- 
quate for this application. 


APPLICATION OF THE WELDING 
PROCESS TO THE ACTUAL PART 


1. Sequence Procedure to Minimize 
Distortion 


(a) Make a subassembly of the inner 
ring and 10 struts leaving excess stock on 
the outer end of the struts. Weld this 
subassembly completely. Stress relieve 
at 850° F for 4 hr. 

(b) Machine this subassembly so that 
the contour of the outer ends of the struts 
fits exactly the inner surface of the outer 
ring. Hand work the ends of the struts to 
produce the '/, T, 60-deg bevel for proper 
joint preparation. 

(c) Assemble this subassembly to the 
outer ring and complete welding. 

Re-stress relieve. 

In this manner the distortion and shrink- 
age caused by the welding of the struts 
to the inner ring is completely compen- 
ated forin the machining of the subassem- 
bly contour, The shrinkage and dis- 
tortion of the final assembly is the result 
of only one set of welds instead of the sum 
of two sets of welds. Good fit up is there- 
fore maintained between the struts and 
the outer ring during welding. 


2. Procedure to Minimize Weld De- 
fects 


The most serious difficulty in the early 
work was the development of small micro 
cracks in the heat-affected zone of the 
nodular iron. Along the sides of the struts 
where the welds are almost straight, and at 
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Manual metallic are 


431, in. diam 


Flux-coated electrodes 
90 amp, reverse polarity 


the leading edge, where there is a generous 
radius few of these cracks were found, 
However, these defects were pronounced 
around the trailing edge of the strut and 
although some improvement was obtained 
by the use of run-off tabs this technique 
was not the solstion to the basic problem. 

Some work was conducted to determine 
the effect of nodule formation on the weld- 
ability. In general it was found that the 
susceptibility to eracking is related di- 
rectly to the degree of nodularization 
For example, welds made on cast iron 
containing flake graphite had continuous 
eracks in the heat-affeeted zone while 
welds made on cast iron with poorly 
formed nodules had many cracks but 
were not continuous. In contrast, sim- 
ilar welds on cast iron having well-formed 
nodules could be made with no cracks. In 
addition there is some evidence that small 
defects may act as nuclei for surface micro 
cracks. The final solution to the HAZ 
cracking problem was achieved by in- 
creasing the iron thickness under the weld 
from 0.090 to 0.187 in. except at the trail- 
ing edge where thickness was increased 
to 0.300 in. 


3. Repair of Base Metal Defects 


In the repair of defects in the cast rings, 
one electrode proved to be outstanding. 
This was W. A. D. 8137, developed by 
the International Nickel Co. (trade named 
Ni-Rod 55). W. A. D. 8137 is the Wright 
Aeronautical Division specification num- 
ber. 

The weld deposit analysis of this ma- 
terial is as follows: 


Int. Nickel Deposited in 


Co. data Ni-resist 

(no dilution) 18-8 joint 
Total carbon 1 .25-2.25 1.85 
Graphitie carbon 1.24-1.50 
Nickel 52.0 -60.0 42.59 
Silicon 0.75 max. 0 91 
Sulfur 0.02 
Manganese 1.75 max. 
Iron Remainder Remainder 
Chromium 3.22 


* Not-analyzed. 
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Fig. 13) Weld interface between W. A. D. 8137 and aus- Fig. 14) Microstructure of W. 14. D. 8137 weld deposit, 
tenitic cast iron as-welded condition. Magnification ~ 100.) Eteh: Mar- 
bles Reagent 
Note absence of white iron under deposit. Magnifieation « 100 
Fteh: Marbles Reagent. 


W. A.D. S137 has a rather wide melting rieated and tested at room temperature \\ A. 8137 ilthough satisfactorily 
range beginning at about 2350° Fo and ind SOO° I The results shown in Table employed for repair of defects, has some 
being completely molten at about 2500° | 7 were sufficiently satisfactory to permit marked disadvantages which prevent it 
This characteristic, together with the low the use of this electrode for repairs, in the from being used for the strut welding 
coefficient of expansion which varies di custings, up to sq. in. in ares Tests on specinien of the type shown 
rectly with the nickel content, reduces the Small eracks which may occasionally o¢ in Fig. 4 welded with W. A. D. 8137 1n- 
stress imposed on the iron by the shrink eur in the heat-affeeted zone can be satis dicated that the weld was not capable ot 
age of the weld deposit during solidifies factorily repaired with W. A. D. 8137 Withstanding any appreciable bending of 
tion and cooling Microscopic examina using bare wire and tungsten are provided the sheet In contrast, with the AISI 
tion of the weld area indicated no evidence eare is taken not to melt the iron base 131 weld on similar specumens, the max- 
of white iron under the W. A.D. 8137 de metal without adding filler wire imum bend was easily obtained. In ad 
posit Figure 13 shows a typieal ares 
of the weld interface The structure of 
the weld deposit is shown in Figs. 14 and 

To determine the strength of a W. A. D 
8137 weld between the base materials 


'/-in, diam tensile specimens were fab 


Table 7—Standard Tensile 
Specimens Made with W. A. D. 8137 
Electrodes, No Postweld Treatment 


Base Metals Austenitic Nodular Cast 
Iron and 18-8 Stainless Steel 


Tempera- Te nsile 
ture of test, strength, 
pst Type of failure 
Room 57,800 Through weld and iron 
foom 57,000 Through weld and iron 
ftoom 63,000 Through weld and iron 
SOO 52,000 In east iron 
SOO 19,900 Through weld at slag 
inclusion 


Welding data 
Welding process Manual metallic 
are 
Welding electrodes Ni-Rod 55, 
diam 
Welding current... 90 amp, reverse Fig. 15) Microstructure of W. 1. D. 8137 weld deposit, as-welded condition. 
polarity Vagnification ~*~ 500. Etch: Marbles Reagent 


> 
se. 
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hig. 16 Composite welded hrouse sheet fatigue showing location of failure. 
ipprox. 


dition, the rod has poor arching charac- 
teristics, especially noticeable when mak- 
ing small fillets, and is objectionable be- 
eause of the high nickel content 


EVALUATION OF FATICUE 
PROBLEMS 


The fatigue strength of the austenitic 
nodular iron is 23,000 psi as determined by 
standard R. R. Moore polished specimens 
while specimens with a 60-deg vee notch, 
0.004 to 0.006 in. root radius, give values 
of 13,000 psi. These results indicate that 
the material is not particularly notch sen- 
sitive. The fatigue strength of AMS 
5512 sheet is 36,000 to 38,000 psi. 

The fatigue strength of the composite 
welded material was determined by using 
a Krouse Plate Bending Fatigue Machine. 
Constant stress beams were machined 
from specimens of '/,-in. stainless sheet 
welded to '/,-in. thick nodular cast iron 
using AISI 431, flux-coated welding elec- 
trodes. They were surface ground on 
both sides to a thickness of 0.125 in. and 
machined into specimens as shown in 
Fig. 16. The weld may be seen at about 
the middle of the tapered portion 


To evaluate the notch effeet, tee” 
specimens were made by fillet welding and 
magnetically vibrated by clamping the 
horizontal base with the upright “blade” 
between magnet poles. The alternate 
tensile and compressive loads were meas- 
ured by SR-4 strain gages normal to the 
weld. The fatigue strength of an all- 
austenitic nodular iron one-piece tee 
(no weld) was 15,000 psi. This is a drop 
from the 23,000 psi value for R. R. Moore 
standard specimens almost as great as the 
drop for R. R. Moore notched specimens. 
Welded tee specimens with an iron base 
and stainless blade, stress relieved but not 
ground, had «a value of 8000 psi; hand 
grinding the weld line of fusion increased 
the value to 13,000 psi. Reversed ma- 
terial specimens, with a stainless base and 
iron blade, drop the fatigue strength fur- 
ther to 5600 psi. 

Finally, vibration tests were made on 
segments of the actual part containing a 
section of the ring and two struts. The 
fatigue value was about 5000 psi at 20,- 
000,000 cycles, being limited by the notch 
caused by the fillet weld. Calculated fa- 
tigue stresses in service are in the order of 
only a few hundred pounds. 


Specime " Heat Stress, 
Vo. treatment pst 

As-welded 25,000 

2 850° F, 4 hr 25,000 

3 850° F, 4 her 25,000 

850° F, 4 hi 25,000 


Cycles Location of failure 
604,000 Weld-iron interface 
10,090 ,000 No failure 
10,000,000 No failure 
10,000 ,000 No failure 


The short life of specimen No. 1 may 
have been due to lack of stress reliet 
These specimens which were stress re- 
lieved ran 10,000,000 eycles without fail- 
ure. In order to ascertain the location 
of failure the stress was increased to a high 
level. No attempt was made to deter- 
mine the magnitude of this stress. Fail- 
ure occurred in the cast iron as shown in 
Fig. 16. This would indicate that on 
stress-relieved parts the limiting factor, 
except for any notch effects, in fatigue 
strength would be the strength of the nod- 
ular iron not the metallurgical properties 
of the weld deposit or of the heat-affected 
zone on either side of it. 
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Part Il 


Welded composite center main bearing 
supports have been thoroughly evaluated 
on experimental engines and are now stand- 
ard on production models. Although 
this part is entirely satisfactory from an 
operational standpoint, we do not feel 
that it represents the optimum end prod- 
uct. Emphasis on alloy reduction has 
already pin pointed this part for a possible 
material modification. For example, con- 
version of the cast rings to ferritie nodular 
iron and the struts to low-alloy sheet 
would result in a 35-lb saving of nickel 
(based on finish part weight ). 
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With this object in view, further work 
has been conducted to determine the weld- 
ing and casting characteristics of ferritic 
nodular cast iron and to study the design 
changes necessary to compensate for the 
low coefficient of expansion of this ma- 
terial. The discussion here will concern 
only the welding problems associated with 
the material change. 

The ferritic nodular cast iron has the 
following composition and physical prop- 


erties: 

Carbon 3.2-4.0 

Manganese 0 8 max 

Silicon 1.7-3.3 

Phosphorus 0 15 max 
Sulfur 0 05 max 


Properties are shown in Fig. 3. 

The castings are annealed by heating 
to 1650° F, holding for 4 hr and cooling 
at a rate of about 50° F per hour. The 
hardness after annealing is less than Bhn 
200. 

For the struts NAX was selected on the 
basis of low strategie alloy content and 
good mechanical properties. The typical 
composition and properties of NAX are 
as follows: 


Carbon 010 0.17 
Manganese 0. 50-0 80 
Silicon 0 60.0 00 
Chromium 0 50-0 75 
Zirconium 0 50-0.15 
Molybdenum 0.15 max 
Sulfur 0 04 max. 
Phosphorus 0 04 max 


Ultimate tensile strength 79,700 psi 
0 2% Yield strength 59,500 psi 
% Elongation in 2 in. 25% 

Hot rolled and stress relieved at 1150° F 
for hr 


WELDING EVALUATION 


The investigation was confined to the 
manual metal-are process with three elec- 
trodes. AISI 310° lime-couted low-hy- 
drogen type, AWS 7016, and W. A. D 
8137 were selected for evaluation. AISI 
131, which was outstanding with the aus- 
tenitie nodular iron, was discarded after 
verifying the prediction that the weld de- 
posit composition would be unfavorable 


MECHANICAL PROPERTIES 


Initial tests consisted of welded stand- 
ard '/, in. tensile specimens  (ferritic 
nodular iron), simulated specimens, Fig 
17, and tee specimens with a fillet on one 
side only. NAX plate, thick, 
was the vertical component of the tee and 
a ferritie nodular cast-iron plate 
served as the base. 

The strut specimens made of NAN 
strut segments welded to a '/,-in. thick 
ferritic iron base were used to determine 
crack sensitivity. None of the three 
electrodes showed any tendency to cause 


THe WELDING JOURNAL 


cracking in the iron, In addition the de 
posits were not crack sensitive and pro 
duced no underbead cracking 

The effect of 


ments on the mechanical properties as 


various postweld treat 


standard ten 
Table 8 


Strengthwise the three type welds are 


determined on the 
sile specimens is) shown in 
generally comparable, although it may be 
noted that all W. A. D. 8137 specimens 
failed in the weld 

Figure IS shows the manner in which the 
The effect. of 
postweld treatments on the extent of bend 
isshownin Table. The lack of ductility 
of the W. A. D. 8137 fillet weld is apparent 

Type Il (Fig. 6 
with each of the three electrodes and 
tested at 750° | This test temperature 
Was used since it represents the maximum 


tee specimens were bent 


specimens were made 


that will be encountered in service. As 
shown in Table 10, AIST 310 and W, A, D 
8137 welds were strong enough to cause 
failure in the NAX while the AWS 7016 
failed through the weld 
Type IV tubular 
(Fig. 8) were made with a 2-in, diam NAX 


Simulated strut specimens employed to determine crack sensitivity. tensile specimens 


ipprox. 1 


Fig. 17 


Table 8—Welded | ,-In. Standard Tensile Specimens 


Base Metal: Nodular Ferritic Cast ron, Room Temperature Test 


Ultimate 0.29, 
Yield 
strength, 


Reduction 


in area, 


Prop. 


limat, 


tensile 
strength, 
Electrode psi psi pst Failure 

AWS-7OI16 4,000 15,500 35,600 10 Weld interface 
AWS-7016 17,500 36,000 lron 
AWS-7016 50,500 10,500 32,600 Iron 

1200° F, 4 hr AWS-7016 52,500 15,000 39,000 Weld interface 
850° F, 4 hr AISI 310 16,000 165,000 30,900 3 Iron 
1000° F, 4 hr AISI 310 ,000 15,600 33,400 22 Iron 

1200° F, 1 hr AISI 310 4,500 15,600 2,400 ; 2 Weld interface 

1200° F, 2 hr AISI 310 57,300 16,000 35,400 ; ; Weld interface 
850° 4 hr W.A. D. 81: 31,000 13,500 20,000 Weld 

1000° 4 hr W.A., 8137 10,300 22,800 Weld 

l 


k longation 


Postweld 
treatment 
1000° F, 4 hr 
1200° F, 1 hr 
1200° F, 2 hr 


1200 hr W SI: 36,200 35,200 Weld 


1200 hr W. A.D. 8137 53,000 16, 500 700 Weld 


Table 9—Room Temperature Bend 
Test, NAX to Ferritic Cast Iron 


Electrode degree of bend 
Postweld WA. D. AWS- 


treatment 
None 

850° 4 he 
1200° FL 
1250° he 


Table L1O—Type Il Specimens, NAX to 
Ferritic Nodular lron, Postweld Treat- 
ment 850° F for 4 Hr. 
Test Temperature, 750° cin. Fillet 
Leg, Sheet 0.250 « 0.300 In 
Stress in 
Klectrode heel pat Failure 


NAN 


Fig. 18 Bend-test specimens stress relieved 4 hr at 850 
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AISI 310 


Flectrode 


W. A. D. 8137 


Electrode 
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AWS 7016 
Electrode 


Nodular Cast Tron 


F after welding 


W. A.D. 8137 2,800 


W. A.D. 8137 
W. A.D. 8137 
AISI 310 
AISI 310 
AISI 310 
AWS-7016 
AWS-7016 
AWS-70O16 


64,400 
64,600 
64,400 
73,200 
64,500 
500 
SOO 
2,200 


at 


= 
10 70 80 
10 80 80 
| 
| 
— — 
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tube welded to a ferritic nodular cast-iron 
base. These specimens closely simulate 
the actual weld on the part and conse- 
quently permit a more accurate evalua- 
tion of the weld for the intended applica- 
tion, Our past experience with the austen- 
itic nodular iron center main bearing 
support has shown that a stress-relief 
treatment of 4 hr at 850° F is satisfac- 
tory and produces no measurable dis- 
tortion. This temperature may possibly 
be increased but in no instance should it 
exceed 1000° F. The data for the tubular 
specimens listed in Table 11 shows that 
AIST 310 gives the most consistently high 
results, The W. A. D. 8137 is affected 
by the trapping of slag in the root of the 
fillet. The data are also affected by the 
unavoidable variation in size of manually 
deposited fillets, 

Standard '/,in. diam tensile specimens 
of NAN and ferritic nodular east tren 
made with AWS 7016 and AISI 310 were 
tested at room temperature and 750° F 
after postweld treatments of 850° F for 
5 br and 1000° F for 1 hr. The results 
are listed in Table 12. At room temper- 
ature AISI 310 is definitely superior while 
at 750° F, where lack of ductility has less 
effect, there is little difference between the 
two. 

Sheet fatigue specimens (Pig. 16) of 
ferritie nodular iron and NAX plate were 
welded with AISI 310 and AWS 7016. 
The test specimens have passed 25,000 
psi for 10,000,000 cycles with no failure. 
This compares with all base metal stand- 
ard R. R, Moore specimen values of 
28,000 psi and 60-deg vee notch, 0.004 to 
0.006 in. radius, notch values of 16,6000 
psi. 


METALLURGICAL ENAMINATION 


Photomicrographs of the weld inter- 
face for the three electrodes investigated 
are shown in Figs. 19, 20 and 21. The 
amount and extent of white iron under 
the AIST 310 and W. A. D. 8137 deposits 
were relatively small and of about the 
same magnitude. In contrast, the AWS 
7016 electrode produced a rather large 
heat-affected zone in the iron. 

The hardness of the white iron was not 
decreased by the postweld treatments of 
850° F for 4 hr or 1000° F for Lhr. The 
hardness of the three deposits as-welded 
and after the postweld treatments is as 
follows: 


As-_ 50" for 1000° for 


welded hr hr 
AWS 7016 Re 45 Re 32. 21 
AISL 310 Re 23 Re 23 Re 20 


W.A.D.8137) Re 30 Re Re 20 


The as-received hardness of the NAX, 
Kw 77, increased after welding to Re 20 
No change in hardness was observed after 
either of the tempering treatments. 
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Fig. 19 Weld 
interface be- 
tween ferri- 
tic nodular 
cast iron and 
W. A. D. 8137 
Magnifica- 
tion 350. 
Etch: 5% 
Vital 


Fig.20 Weld 
interface be- 
tween ferri- 
tic nodular 
cast iron and 
310. 
VMagnifica- 
tion 350. 
Etch: 5% 
Vital 


Fig. 21 Weld 
interface be- 
tween ferri- 
tic nodular 
cast iron and 
7016. 
Vagnifica- 
tion X 350. 
Etch: 5% 
Vital 
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Table 11—Type IV Specimens, NAX to Ferritic Cast Lron 


750° F Test Temperature 


Stress in NAX and Location of Failure, Postweld Treatment 


Electrode 
W.A. D. 8137 
AWS E-7016 
AIST 310 


38,000 weld 
18,050 iron 
60,600 iron 


76,600 NAX 
52,900 tron 
67,000 


As-welded 850° F, , Ar 1000 


60,500 iron 


‘Lh 1000° F, 4 hr 1200° F, 1 hr 1200° F, 2 hr 
10,700 weld 55,200 weld 
$2,200 iron 55,970 tron 53,200 iron 


70,800 NAN 


63,750 iron 
and weld 


Ultimate 0 2% 
Test tensile Yield 
temperature Postweld strength, strength, 
Weld freatment psi pst 
AISI 310 Room 850° F, 4 hr 59, 400 12,500 
AISI 310 Room 850° F, 4 hr 62,000 47,200 
AISI 310 750 850° F, 4 hr 54,900 
AISI 310 Room 1000° F, 1 hr 70,000 11,500 
AIST 310 Room 1000° F, 1 hr 67,700 12,700 
AISI 310 750 1000° hr 59,000 33,400 
AWS Room S50 F, 1 hr 39, 400 
AWS 7016 Room 850° F, 4 hr 11,000 
AWS 7016 750 850° F, 4 hr 5&8 000 18, S00 
AWS 7016 Room 1000° F, hr 16,300 
AWS 7016 Room 1000° F, 1 hr 10,300 
AWS 7016 750 1000° F, t hr 57,700 36,300 


Table 12—Standard | .-In, Diam Tensile Specimens, NAX to Ferritic Nodular Cast Lron 


Prop Reduction 
limit, Elongation, n area 
psi Location of failure 

37,600 5 0 Iron 

37,800 0 Weld-iron interface 
5 0 

20,400 6 3.5 Weld-iron interface 

35,000 5 S Weld-iron interlace 

20,200 th Weld-iron interface 

33,400 0 0 Weld-iron interface 
0 0 Weld-iron interface 

29,800 Weld 

34,400 0 0 Weld-iron interface 

$2,300 0 0 Weld-iron interface 


SUMMARY—PARTS AND II 

Welding procedures have been devel- 
oped for the fabrication of composite 
structures of nodular cast iron and sheet 
metal by fillet welding For the austen- 
itiec nodular iron, the « isting tolerances, 
+0.030 in. on 36-in. diameters, are being 


maintained after welding. The pre- 


will develop the 


The effect of base metal dilution must be 
balanced by the electrode composition so ever, the inability of the process to main- 


with these electrodes 


continuous wire feeding features. How- 


that a weld with optimum properties will tain a steady are at the desired 90-amp 
result. Welds made 


current completely prevented its use 


properties of — the It is almost axiomatic to say that fillet 


base materials up to at least 750° F 
Advantage should be taken in the design strength compared to machined butt 


of the use of loeal ribs or bosses so that 


welding, with its 80°) reduction in fatigue 


welds, has been made possible in this de- 


ferred flux-coated electrodes are as follows the nodular iron areas immediately under ‘ign by restricting its application to re- 
the weld are at least in. thick For gions of low fatigue stresses, 
1. AISI 431 for fillet welding austenitic : 
regions of weld concentration such as parts fabricated of the materials have op- 
nodular iron to stainless 
trailing edges of struts, the iron thickness erated satisfactoril for long periods of 


nodular cite to NAN 0.300 in. This is especially important \s a major component of a modern jet 
3. W. A. D. 8137 for repair welding of , ; 
cm for the austenitic nodular iron which must engine, the welded nodular iron castings 
both nodular irons Phe repaired he sated as in the contest cection-of 
ireas should not be greater than the ferritic grade permitted 
Welding develop nt was first started economu yreater than 50°) in 
This investigation has re-emphasized with the inert-gas-shielded metal-are proc iddition to increasing the strength of the 
the importance of weld deposit chemistry ess in-an effort to take advantage of its part 


Current Welding Literature 
(Continued from page 822 


tion of welded steel bal] 225 ft in diam, erected near Schenectady, 
N. Y., to be used as laboratory building to test power plant se« 
tion of atomic submarine hull and will serve as protective device 
In precautionary measures against escape of fission products 
during preliminary submarine reactor tests; sphere foundation 
described by D. A. Werblin 

Shipbuilding. Observations on Experience with Welded 
Ships, D. P. Brown Am. Soc. Naval l-engrs J., vol. 65, no, 1 
(Feb, 1953), pp. 71-96 

Spot. Designing for Spotwelding. Machine Design, vol. 25 
no. 2 (Feb. 1953), pp. 157-159. When designing unit for fabrica 
tion by spot welding, primary consideration is stress imposed 


upon unit; spot weld develops full strength only when subjected 


to shear loads and only approximately 25% of shear strength is 
developed when subjected to tension load; basic design standards 
for obtaining efficient spot-welded assemblies from both strength 
and economy standpoints 

Stud. Scope of Stud-Welding, R. W. Tavlor 
vol. 175, no. 4545 (Mar. 6, 1953), pp. 315-316 


engineering, 


SEPTEMBER 1953 Sohn, et al. 


Nodular Cast Tron 


Approach To Automation 
Mechanized Dip Soldering of Television Receivers, IK. M 
Lord electron! vol. 26, no. 6 (June 1953) pp 130-137 


Ts le Vision Reve Ivers \I 


Particulars of General Eleetrie Co new electronic production 
technique whereb radios are being dip-soldered at Uties 
N. ¥ plant and television sets at Electronics Park in Syracuse 
N.Y use of machine which solders 424 joints at once by dipping 
inverted television chasis in pool of molden solder; development 
of rotary riveter which uses 40-ton press to fasten 93 rivets in one 
operation 

Welding, Eleetrie Are Technology of Automatic Welding in 
Soviet Union, J. Mannin Iingrs.’ Digest, vol. 13, no. 12 (Dee 
1952), pp. 409 411, 438 440. Automatic are welding under 
granulated flux, as developed and practiced in Soviet Union; 
improvements achieved since consolidation of basie procedures 
around 1947, classified and discussed 

Welding, Electric Designing with Plug Welds, ©. Blodgett 
Mac hine Design vol. 24 ho ll (Nov 1952) pp 152 155 
How excellent design results can often be obtained with “plug” 
welds made by filling holes in one part with metal welded-in 
such welds can be hidden so that grinding ean be eliminated 
Snow Mig (‘o. drill table, and vertical way supports for both 
table and drillhead is ex ample of such design 

Welding Research Automobile Iengr., vol. 43, no. 562 (Jan 
1953), pp. 33-37. Methods and equipment employed at Abing- 
ton by British Welding tesearch Assn test machines described 
review of work in progress 


833 


t 


Comparison Shielding Mixtures tor 


Gas-Shielded Are Welding 


® Evaluation of the applicability of a gas or gas mixture as a shield- 
ing medium for the inert-gas-shielded metal-arc welding process 


by J. W. Cunningham and Hl. C. Cook 


GENERAL INTRODUCTION 


ANY factors have contributed to the refinement 
of the Aircomatic” process in its application to 
aluminum, stainless steels, clad materials, copper 
and copper base alloys—even specialized instances 

of mild steel. Not the least of these contributing factors 
has been the investigation of the usefulness of gases and 
gas mixtures which are economically available to the 
process. 

Research and development. studies have made con- 
siderable progress toward the end of evaluating the 
applicability of a gas or gas mixture as a shielding 
medium for the various industrial applications of this 
welding process. It has become evident that helium 
argon, mixtures of the two, and mixtures of either gas 
with small percentages of other additives, such as 
oxygen, have their singular characteristies which add to 
the versatility of the process. 

To aid investigation the Air Reduction Research 
Laboratory has used modern research tools such as the 
Schlieren apparatus and high-speed film cameras. 

Schlieren photographs effectively reveal the nature to 
the gas flow as it issues from the nozzle. It is possible 
to predict from such records the length and area of 
laminar gas patterns that are essential for complete 
wire, are and molten pool coverage. Are studies by 
high-speed motion pictures permit a more complete 
viewing of metal transfer and more adequately illus- 
trate the influence of the gas upon the are character- 
istics, 

Photographs of cross sections and plan views of 
typical beads made with the various welding atmos- 
pheres are a part of this study. These are useful in 
. W. Cunningham is connected with the Air Reduction Sales Co, New 


ork, N. Y., and H. C. Cook is connected with the Air Reduction Research 
Laboratories, Murray Hill, N. J 


Presented at the Thirty-Third National Fall Meeting, AWS, Philadelphia 
Pa, week of Oct. 19, 1952 

Aircomatic is the Registered Trade Mark for Inert Gas Welding Equipment 
sold by The Air Reduction Company 
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pointing out the differences in weld bead shape, pene- 
tration pattern and undercut characteristics under the 
many welding conditions employed. 

Laboratory results in the investigation of shielding 
mixtures for this process are validated by quality and 
economy investigations in various industrial applica- 
tions. Users of the process in the field have a variety of 
requirements that must be met. Assuming the correct 
equipment, type of filler material and joint design have 
been obtained for a particular job, the final welded joint 
requirements can best be accomplished using the correct 
gas mixture and welding procedure. 

In the fabrication of aluminum bus bars, for example 
it is possible to get porous free root deposits consistently 
with 100°% penetration using helium as the shielding 
gas. Argon gas, however, when used on the same joint 
design, gives a porous root deposit which requires the 
turning of the assembly for back-chipping. 

Quality is not the only criterion for suitable welds. 
In some welding of medium and low-alloy steels, for 
example, high speed may be of paramount importance 
overshadowing absolute soundness, lack of undercut and 
good bead contour. Overlay of leaded phosphor-bronze 
on railroad thrust bearings can be made very dense; 
however, to retain oil in the bearing it is actually de- 
sirable to make the overlay with scattered porosity. 
Most applications of the process differ in requirements 
of the deposit; it is convenient to approach the problem 
with the flexibility afforded by a selection of a variety 
of shielding mixtures. 


SHIELD, ARC AND DEPOSIT STUDIES 


In order to investigate the use of a gas or mixture of 
gases for shielding the arc, the factors which should be 
observed and assessed to judge its suitability for the 
welding application at hand are (1) the shielding 
qualities of the gas, (2) the effect on the are character- 
isties and (3) the effect on the resultant weld deposit. 
We shall consider them in that order. 


THe WELDING JOURNAL 


4% 


Argon 75 CFH 


SHIELD STUDIES 


The first consideration is that of proper inert coverage 
for the are to prevent the influx of atmosphere which 
would produce oxides and porosity in the weld bead 
We can be reasonably sure at this stage of inert gas 
production that the major constituents of the shielded 
gas will be helium and or argon. Active gas con- 
stituents such as the common oxygen additions con- 
tribute minute changes in the coverage characteristics 
of the shields they are added to and, therefore, will be 
neglected in this section. It is also safe to assume that 
the type of material welded will not affect the gas shield 
With these points in mind we shall review the relative 
shielding characteristics of helium, argon and mixtures 
of the two 

As has been substantiated by authorities both in the 
laboratory and field, helium is as good or better than 
argon as a shield for the inert-gas consumable electrode 
process provided an increased flow is used. The 
amount of this increase has been anywhere from two to 
three times the argon flow for equivalent. shielding 
qualities 

The schheren method of gas flow observation has 
been helpful in establishing flow rates for various nozzles 
for the separate gases. Figure | shows the flow 
patterns produced by the flow of shielding gases 
emitting from a standard * 4-in \ircomatie nozzle 
In each case there is a good length of laminar flow from 
the nozzle before turbulence occurs distinet 
similarity can be seen in the three patterns even though 
the VuUSeS and flows are not the Sime In order to 
obtain patterns similar to that of 75 cth argon it ts 
necessary to inerease the total flow to 
when 80:20 helium:argon mixture is used and 150 
eth when helium alone is employed. The resulting 
shields have been found to provide equal shielding to the 
\ircomatice are even at the higher current conditions 
Shield stiffness is a factor to be reckoned with esper ially 
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Helium 150 CFH 


in practical applications where cross drafts may be 
prevalent. The higher velocity of helium proved an 
increased resistance to these drafts, certainly a factor 
in favor of helium 

Oxide spot tests on titanium using the tungsten are 
have also shown that the helium at an increased flow 
prov ides as adequate a shield to the are and the sur- 
rounding metal as is provided with argon 

When the two guses Issue together from the same 
nozzle, the shielding characteristics are about those of a 
weighted mixture, with argon at one end and helium at 
the other No measurable changes hh shielding have 
heen observed with less than 15°, of either gas mixed 
in the other 

In view of the above discussion it can be said that 
argon, helium or mixtures of the two will provide equal 
inert shielding to the are when the helium flow is in- 


creased by a factor of two to three times the argon flow. 


ARC STUDIES 


extensive observations have been made of the inert 
gas metal are by many investigators USI Various 
means By far the most revealing studies of the action 
of the welding are have been made using high 
speed motion — picture technique his technique 
is being used at the Air Reduction laboratories utiliz- 
ing the Fastax camera taking pictures at about 4000 
frames per second, ‘This is. sufficient to slow down 
all but the most rapid metal transfer through the are 
Color film has been used entirely in this study in ordet 
to project the are action in true colors and contrasts 
High-speed still pictures are not as useful in the case of 
the metal are as they are for the tuligsten are due to the 
rapid passage of drops of metal from the electrode to the 
plate. It is very difficult to synchronize the shutter to 


catch the are in a representative phase. Motion 
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Fig. | 
| 


- CONSUMING 
CTROOE 


ARGON 


STEEL 
Fig. 2 Inert-gas-shielded ares 


STEEL 


pictures present the arc in all its various aspects during 
the welding of an actual joint. 

These high-speed color motion pictures have revealed 
the distinct differences in the are: when various inert 
atmospheres are used, when different materials are be- 
ing welded and when the direction of 
current is reversed, The main cou 
cern, of course, of this paper is the 
Variations occurring when the are 
atmosphere is changed for each ma 
terial welded. 

There is a definite resemblance 
between the metal inert gas are and 
the tungsten inert gas are. The 
obvious exception is the presence of 


metal drops transferring from the 
electrode wire to the plate. The 
argon are is seen to be composed of 
three main parts: the metallic trans 
fer, the ionized metal vapor and ion 
Metal transfer in the case 


ized gas. 


of the argon are, at current densities 


in the Airecomatie range, forms the 


actual core and consists of a string of 


ionized gas and vaporized metal. Surrounding the 
whole in each case, of course, is the unionized inert gas 
which shields the molten pool and surrounding heated 
metal. Figure 2 is an artist’s conception of the two arcs 
compared to the argon shielded tungsten electrode arc. 
In the latter case the are consists primarily of a cone of 
ionized inert gas. 

Changing the polarity of the inert-gas metal are to 
form a DCSP are 
electrode negative) results in a considerable change in 
Metallic transfer 
is no longer smooth and continuous in the pure shield 


(direct-current straight polarity 
the are’s appearance and properties. 


gases. The molten metal forms large drops which are 
not projected but seem to fall to the weld pool. At 
lower currents there appears to be considerable arc 
movement which throws the molten ball helter skelter 
producing very poor beads. Additions of oxygen to the 
shield gas improve the transfer. The appearance of the 
transfer in the argon-steel DCSP are will then resemble 


AIRCQMATIC WELDING. 
DIAM PLAIN CARBON STEEL 
* NOZZLE - SEMI AUTOMATIC 


BURN OFF VS CURRENT 


fine drops of molten metal being pro = 
jected from the cone shaped tip of 
the electrode, 


is an inverse function of the current 


The size of the drops 


Fig. 3) Burn-off rates of ' 


300 400 
CURRENT AMPS. 


ein. diameter carbon steel wire in various gas mix- 


tures for DCRP and DCSP 


density of the are for any particular 
metal and are atmosphere. Sur 
rounding this column of drops is a 
cloud of metal vapor produced by 
the extreme temperatures of the are, 
In this process, using a consumable 


electrode, there are two general types 
of ares utilizing the ordinary engi- 
neering materials. The first is the 
argon high melting point are, typified 
by the steel are, where there is an in- 


BURN OFF IN /MIN. 


tensely bright central column of me- 
tallic transfer surrounded by metallic 
vapor with a transparent cone of 


ionized gas surrounding them both. 00 


BURN OFF VS. CURRENT 


AIRCOMATIC WELDING 
1716" DIAM - 43S ALUMINUM 
NOZZLE- SEM! AUTOMATIC 


The other are is the helium type ° 
consisting of a stream of metallic 
transfer surrounded by a cone of 
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300 
CURRENT AMPS. 


Fig. 4 Burn-off rates of ' -in. diameter 43S aluminum wire in various gas 


mixtures for DCRP and DCSP 
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Low-current leve High-current level 


DCRP DCRP 


DCRP counterpart, the main difference being the in- 
creased length of the heated cone on the electrode end 
Instead of the short cone there is a long tapered point 
approximately '/, in. in length with '/;. in. wire. The 
DCSP helium with oxvgen are characteristics resemble 
the DCRP helium arc. The main effect to be noted 


with the straight polarity ares is the increased burn-ofi 
of electrode material with a decreased amount of base Soe 
plate penetration. This will be further discussed later 
on. 

Burn-off rate of the electrode wire is an are property 
that is greatly affected by the are atmosphere for a 
particular material to be welded. There are, of course 
major burn-off differences between metals. Explana- 


tions of this phenomenon are beyond this paper and will 

not be included. Argon + 1% 0 
Figures 3 and 4 show burn-off versus current curves 

for ' y-in. welding wire, a representative size for this 

discussion. Figure 3 is typical of the ferrous materials 

in general. It isin fact a mild steel wire in common use 

at the present time 


Straight polarity, due to the increased heat developed 


at the cathode, the electrode wire in this case, has the 
greatest. burn-off in all cases. Reverse polarity the 
lower. 

Helium and mixtures containing helium have for 
certain current ranges higher burn-off values than 


Low-current level High-current level 
DCRP DCRP 10% O 
hig. 6 additions to argon stainless steel—' \,-in. 
: wire, -in. plate 
Low-current level High-current level 
DCRP 


Argon 


= Helium 


- Argon + 1% On 
ve Helium + 5%0 
Argon + 5% O 


Argon + 10% Or Helium + 10% 0 
Fig. 5 Oxygen additions to argon carbon steel—' \-in. Fig. 7 Oxygen additions to helium carbon steel—'/\,-in. 
wire, .-in. plate wire, .-in. plate 
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argon. The mixtures chosen here are those recom- 
mended and in use for the various polarities and basic 
It is especially significant that the 80°] helium 

2007 argon mixture has burn-off properties approaching 


ZAses, 


those of helium while it exhibits the good are character- 
istics attributed to argon. 

Helium ares, of course, operate at a somewhat higher 
are voltage than argon arcs and, therefore, for a par- 
ticular welding current operate at higher are power, 
thus more burn-off might be expected. ‘This is not the 
case in Fig. 4 illustrating the burn-off curves for 438 
In this case burn-off values are equal at 
Above this 
range the curve for helium shows an increased burn-off 
with the burn-off for 80:20 helium:argon mixture, 
Although the burn- 


aluminum. 
equal current in the region up to 150 amp. 


falling between argon and helium. 


off using DCOSP for both argon and helium is much 
higher than DCRP, the are transfer and resulting de- 
posit are unsatisfactory for practical application. 

This section has brought to light similarities and 
differences between the argon and the helium ares and 
pointed out the advantages and disadvantages of each. 


DEPOSIT STUDIES 

It is not only the makeup of the are that is changed by 
variations in the properties of the electrode material and 
the shielding gases but the resultant bead shape and 
penetration pattern are also altered. Figure 2 illus- 
trates the penetration patterns typical of those obtained 
with the helium and argon types of Aircomatice are. 
These differences are borne out by the macrosections of 
weld beads made in various materials (Figs. 5 and 9), 


Low-current level High-current level 
DCRP 


Helium 


Helium + 5% 


‘ 


Helium + 10% OQ 


Fig. 8 Oxygen additions to helium stainless steel—' \.-in. 
wire, s-in. plate 
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In all cases the right-hand bead is DCSP and the lett 
hand bead is DCRP. 

Generally speaking, oxygen additions to either 
helium or argon are detrimental to the nonferrous weld 
bead surface due to excessive oxidation of the weld 
metals. Oxygen additions to the ferrous-argon arc re- 
duce the burn-off rate in the DCSP case while that for 
DCRP remains essentially the same. At 10°, added 
oxygen the DCSP burn-off is only 25°, over that for 
DCRP. This is also true of penetration, the DOSP are 
penetration increases with oxygen content. “The major 
reasons for these additions are for are stability. Higher 
oxvgen contents are detrimental in that they oxidize 


Argon Helium 


Low current, 100 amp 


Medium current, 165 amp 


High current, 220 amp 


Fig. 9 Effect of shield gas on weld head—' 438 
aluminum wire, .-in. 61876 plate 
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metallurgical constituents and cause heavy scale on the 
bead surface 

The same general comments can be made concerning 
oxygen additions to helium for ferrous welding; burn- 
off is increased in the case of DCRP and decreased in 
the case of DCSP; and penetration of the DCSP are 
increased Incidentally, the penetration pattern using 
DCRP changed from rounded to papillary as the oxygen 


content was increased, see Figs. 7and 8. The optimum 


oxygen addition to helium is 5°; using DCSP and none 
for DCRP. 


10°) oxygen is necessary but this amount is much 


To unprove the DCRP transfer, about 


too detrimental to the metallurgical constituents and 
bead surface to be worth while. 

The changes in external weld bead contour are not as 
apparent as the changes in penetration pattern, but in 
general, the helium bead was a flatter, more smoothly 
curved contour. The argon bead is peaked. This can 
be seen more often in fillets where the helium bead ex- 
hibits a smooth surface while the argon bead may be 
peaked in the center. Oxygen additions in all DCRP 
cases tend to narrow the bead contour and raise it 


somewhat. 


s 
80.20 helium: argon 


The uniformity of the heat in the helium are plasma 
makes for more uniform fusing-in of the weld bead into 
the base plate. The lack of a cathode-sputtered area 
around the are prevents marking of the base plate along 
the bead edges 

Also illustrated in Figs. 5 through 9 are the macro- 
sections of beads made utilizing the DCSP are in 
various are atmospheres. ‘The following comments can 
be made concerning DCSP-helium welds: (1) This com- 
bination is a very good method for welding of steels if 
the 5¢) oxygen is added to the helium to improve the 
transter (2) It is not satisfactory for aluminum or 
copper base metal welding due to the poor transfer 
which produces an unsatisfactory type of bead. Oxy- 
gen additions are not recommended because of the re- 
sulting oxide scale on the bead surface. (3) The beads 
produced are greater in size when deposited at travel 


speeds comparable to DCRP beads, due to the increased 


burn-off in the DCSP are. (4) Penetration is very 
shallow compared to DCRP. Both of these last factors 
make DCSP-helium plus 5°; oxygen with steel a natural 
for high-speed welding on light gage material, 

The same comments can be made for the argon-DCSP 


Aluminum 


< 
80: 20 helium argon aluminum 


Deoxidized copper 


Argon 80.20 helium argon 


K 


Helium 


Fig. 10 Effects of shielding gas and polarity on steel, aluminum and deoxidized copper welding 
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‘ase, With oxygen additions still detrimental to non- 
ferrous weld beads. 

In regard to porosity in the weld bead, as a general 
rule welds made using helium atmospheres have no in- 
crease in porosity over welds made under equivalent 
conditions with argon. In the case of aluminum it 
appears that helium may be superior to argon in pre- 
venting root porosity. This trend is more apparent in 
welding the aluminum-magnesium alloys where helium 
is much superior in reducing root porosity troubles. 


AIRCOMATIC. APPLICATIONS SHIELDING 
GASES USED 

The following applications set forth shielding gases 
and mixtures as they have been, and are, effectively and 
economically applied by a number of companies using 
the Aircomatic process. 

Ideal conditions for demonstrating the exact differ- 
ences in the use of shielding gases and mixtures by 
various companies would involve the control of all 
factors on identical materials with one variable—that 
being the gas or gas mixture used. ‘These conditions do 
not apply here. There are too many variable operating 
factors. ‘Therefore the material is descriptive, not 
analytic; it is not offered as the proof of weld results 
related directly to the effect of various shielding gases 
and mixtures. It does reveal, however, a growing trade 
practice to approach, consciously, the problem of the 
proper and most effective shielding gas or mixture in 
order to get the best results when using the inert gas 


metal are process. 


Fig. 11) Aluminum tank*welding—Helium shield 
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ALUMINUM DECK BALKS 


A mixture of 50° helium and 50°; argon is used by 
one company in the fabrication of aluminum deck balks 
for the U. S. Army. 

The balks are fabricated of 618 extruded aluminum. 
The main assemblies are */, in. thick and require 
longitudinal butt welds, 15 ft in length. The welding is 
accomplished semiautomatically by two manual Air- 
comatic units mounted of radiagraphs. These two 
units perform the longitudinal welds simultaneously. 

The 50-50 mixture of helium and argon used in this 
application offers a combination of increased burn-off 
rate (deposition rate), and the elimination of spatter. 
With this mixture the are is smooth, there is no spatter, 
the penetration is controlled and the burn-off rate and 
deposition rate are high. 


ALUMINUM WATER TANKS 

A 70-30 mixture of helium and argon is used by an- 
other company in the fabrication of aluminum water 
tanks for U.S. Army trucks. 

These tanks, which have a 1000-gal capacity, are 
made of ' qin. thick aluminum. The shell seams are 
offset lapped joints and the head to shell joints are 
fillets. A manual Aircomatie gun is used. 

This mixture helps to produce a sound deposit and a 
flat penetration pattern to seal the fillets completely. 


ALUMINUM CHEMICAL VESSELS 


Helium unmixed is used to obtain desired results in 
the Aircomatice welding of aluminum chemical tanks by 


Fig. 12 Welding stainless steel pipe—irgon + 1% oxygen 
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Fig. 13°) Manual Aircomatic welding of girth seam on 
copper kettle showing edge preparation—80:20-Helium: 
irgon shield 


a large manufacturer. The 38 aluminum is | in thick 
The girth seams on the tanks, which are almost 29 ft 
long and more than 10 ft in diameter, are accomplished 
automatically by the use of the Aircomatic head. The 
increased burn-off and deposition rates obtainable with 
helium is often desirable on relatively thick sections of 


aluminum. (See Fig. 11.) 


STAINLESS STEEL PIPE 


Argon, with an addition of 1{% oxygen, is effectively 
used for Aircomatic welds on stainless steel pipe in- 
volving longitudinal seams 30 ft in length on a-ln 
thick material 
helium to exclude the atmosphere from the underside of 


This particular company also uses 
the joint. (Figure 12 shows welding of pipe.) 

The use of oxygen improves metallic transfer and 
helps to produce a deposit showing no undercut. The 
A sound 


root deposit is Insured through the use of helium to 


joints are single-vee without a backing strip. 


protect the underside of the joint from the atmosphere 


COPPER KETTLES 


A mixture of 80°, helium and 20°) argon is used by 
another company for Aircomatice welds on 1! s-in. thick 
copper kettles. (See Fig. 13.) 

These kettles are approximately 5 ft in diameter and 
3 ft, deep. The girth seam is accomplished by a manual 
gun. Here again the increased burn-off and deposition 
rates characteristic of helium is combined with the 
“softening” influence and the elimination of spatter 


characteristic of argon. 


ve. 14) General view of setup for welding truck axles— 
freon + 24% Oxveen 


MILD STEEL TRUCK 


Phe use of argon plus 20, oxygen has been effectively 
used by a large ¢ OMpanyv to weld a hemispherical head 
ona banjo rear axle for a tractor truck 

These Aircomatice welds are made through a painted 
surface-—-no cleaning is necessary and satisfy the job 
requirements of no undercut while producing a penetra- 
tlon pattern to Tuse the entire root The use of a small 
percentage of oxygen With argon is particularly effective 


when undercut must be avoided. (See Fig. 14.) 


SUMMARY 


It is obvious from the results of laboratory studies and 
commercial applications that sound value judgments of 
shielding gases-——either alone or mixed in varying per- 
centages can be made only in relation to the require- 
ments of the job itself Phere are times, when helium 
will be, in relation to the specific needs of the applica- 
tion, the logical selection for reasons of both economy 
and required quality. ‘There are times when argon will 
be the logical selection for the same reasons 

Moreover, the either or approach is becoming out- 
moded beeause of the developn ent of data on gas milx- 
tures Which permit improved results that are reasonably 
today, how 


predictable The question tends to be 


much-—what percentage of each? We know that 


there is no point in using much le 


than 2007 argon if 
its characteristics are to make themselves evident when 
used with helium. As for small percentages of addi- 
tives, such as oxvgen, these, too, are to be considered if 
the maximum versatility of the Aircomatic process is to 
be enjoyed and the very best weld results are to be 


obtained 
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Russian Welding Practice 


® During the past several years the author has studied 


original Russian 


textbooks in the field of metallurgy. 


This article is a brief sketch for those having a curi- 
osity in the current status of this technology in Russia 


by Carl A. Zapffe 


INTRODUCTION 


URING the past three years some 40 Russian 
metallurgical texts have been studied in the course 
of a translation program for research purposes. ! 
Among these, a book by Ogievetski® describes 

Russian welding practice in such unrestricted detail 
that it seems worth while to call certain of its features 
to the attention of American investigators, also to point 
to other sources which taken together can provide a 
clear perspective of the recent Soviet status in weld- 
ing metallurgy and its allied fields. 

In considerable contrast to the common, and some- 
times justifiable, impression that Russian publications 
are secretive, Ogievetski’s book not only freely discusses 
both the theory and the practice of are welding, but he 
treats in detail the composition of electrode coatings and 
coverings —a matter of secrecy in America. Similarly 
explanatory texts by Pogodin-Alekseev, et al.,* Slavin 
and Shteiman,! also others, ° disclose the composition 
and applications of both ferrous and nonferrous metals 
and alloys currently produced in the Soviet. 

In the following discussion, attention is limited first to 
generalized remarks sketching Soviet metallurgy and 
the contents of Ogievetski’s book, then to several de- 
tailed examples of their practice with electrode prepara- 


tion. 


METALLURGY 


In design, Ogievetski’s text is a combination of 
Welding Metallurgy and the Wetpinc HaNpBOOK of 
the AMernicaAN WeLDING Soctery. Opening chapters 
discuss such fundamentals as the physical chemistry of 
melting processes, the mechanics of are-welding techni- 
ques, the metallography of weld metal, effects of gases 
and inclusions, graphitization, sensitization. Absorp- 
tion of H, O and N is treated at length; a methane 
theory, widely accepted in Russia® in place of our com- 
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monly discussed hydrogen theories, is described in con- 
nection with embrittlement and cracking; and a photo- 
graph of “rybi glaza”’ (fisheyes) is reproduced from the 
reviewer’s article in the 1941 Wetpinc JourNAL with- 
out acknowledgment either to author or to JOURNAL. 
There follows a general coverage of many carbon and 
alloy steels used in welding, concluding with a 40-page 
treatment of stainless steels. 

For this last, Ogievetski confesses that standards 
have not yet (in 1948) been fully agreed upon, a matter 
which has been reviewed at length elsewhere! ! 

A tabulation of our AISI analyses is given by way of 
introducing austenitic stainless steels, later followed by 
a tabulation of only six Russian “Marks.” 

However, this situation rapidly clarifies 
1950. American welding specifications and 
standards are well known to the Russian investigators; 
theirs in turn are quite similar to ours, often copied, 
though a strongly independent attitude marks their 
work and often causes interesting differences to appear. 
Austenitic stainless analogs of AISI standards are now 
used to a large extent, some principal areas of under- 
development being (a) free-machining modifications, 
(b) ELC modifications, (¢) work-hardening modifica- 
tions. 

Heat-resistant high-strength steels and complex 
alloys are less explored in Russia than in America, so 
far as can be determined from the 40 or more books ex- 
amined. An exception is the Fe-Cr-Al constitution 
described by Kornilov.? For service at high tempera- 
tures, analogs of AISI Types 308, 309, 310, 314 
and 302-B are commonly used. Ogievetski, strain- 
ing to give historical depth to the comparatively 
recent Russian endeavors, states that Ninkevich and 
Borzdika discover.d the high-temperature strengthen- 
ing effect of increasing C content in austenite as early as 
1939 in unpublished work from the Stalin Institute. 
However, their complex alloys seem largely represented 
by a modification of Type 314 and a “14-14-2” analysis 
of widespread use also outside Russia for aeronautical 
valve steel in World War IT as shown on next page. 

It is stated that at the Kirovski Plant EYa-Oelectrode 
wire (AIST 304) is used for welding either cast or forged 
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0407 2.3-27 

W = 2.0-2.75 
0407 05 08 Mo = 0.4-0 6 


Va ( Vi 
EYa 38 03-04 16-20 23 
El 0405 13-15 13 
Ya-38, also E1-69, by preheating to 300° C. (570° F 
followed by slow cooling The properties ol this weld 
metal would not be expected to match those of the base 
metals. For further details on steels in use in Russia, 
other reviews should be consulted.' 
a ELECTRODE COATINGS AND COVERINGS 
Carbon- and Low-Alloy Steels 
Thinly coated or “cold” electrodes in the USSR are 
for the most part simple chalk mixtures in water glass 
Chalk, 70-75; Liquid sodium silicate, 30-25. The 
coating weight is 1-2°;, of the wire weight; and their 
Government specification GOST 2523-44 calls this 
electrode Mark A special coating has also 
been developed by the Welding Institute of the USSR 
Academy of Science :* 
Titania concentrate SO 6 
Manganese ore 10 2 
Potassium nitrate 4 2 
Liquid sodium silicate 15 
Medium-thick coatings are exemplified by Mark 
OMA-2, a protective-atmosphere or cellulosic type, ac 
or dc and all-position, for steel thicknesses up to !/.-in 
Titania concentrate 3605 
Manganese ore 3.5 
Potassium nitrate 20 
Ferromanganese 60 
Ferrosilicon §.2 
Wood flour 1) 
Liquid sodium silicate 30035 
Coating weight =8 10°, of the weight of the wire 
Heavy-coat or covered electrodes of titania type 
designated Mark ONN-5, are widely used, for both 
overhead and horizontal welding. There are several 
Variations: 


Variation No. 3 is for low-temperature welding, and No 
welding 


(0.00 tn 


4 is for horizontal The covering thickness 
for electrode diameters of 
2.5 mm (0.07 0.10 in.) for 
electrode diameters ot and S mm (0.2, 0.23, 0.28 
and 0.31 in). To avoid the effects of hydrogen, they 


have a noncellulosic Mark UONI-13/45 


varies from 1.5 mm 


4mm. (0.16 in.) on up to 1.7 


Fundamental Variation 


Limestone 53 52 
Fluorspar Is 26 
Quartz 4 7 
Ferromanganese 2 2 
Ferrosilicon 3 10 
Ferrotitanium 15 

Liquid sodium silicate 30 30 


This coating contains only the bare essentials for an 
are-welding operation, and can hardly be compared 
with the complex formulas developed by American 
electrode manufacturers for high-speed extrusion and 
baking. Its operating characteristics would not com- 
pare favorably with those of our present all-mineral 
commercial electrode coatings. The ferrotitanium, of 
course, acts only as an are stabilizer, contributing an 
insignificant amount of Ti to the weld metal for alloying 


purposes 


High-Alloy Steel 


Manganese steel of the Hadfield type is welded with 


electrodes having the following coating 


Ferromanganese 
Limestone 
Fluorspar 20 
Starch 10 


Sodium silicate of 1.3 grade: 66 ce) 100 gm dry wt 
Again this is a very simple formula, probably intended 
for application as a light dip-coating rather than as an 


extruded covering 


Variat 

Fundamental Vo Vo. 2 Vo. 3 No. 4 
Titania concentrate 37 37 32 2 38 
Manganese ore 21 21 24 18 2 20 
Granite 10 
Ferromanganese 20 20 20 7.2 20 
Starch 9 7.6 
Wood flour 4 
Metallie Ni 1.2 
Liquid sodium silicate 30.35 303! 10 35 25-30 2t) 28 

* In all following formulas, measurements are in weight per cent; the mix is figured at 100° the binder at per cent of d weight of t 
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As for chromium and stainless steels, a Kirovski 
factory recommends the following covering for welding 
all steels containing more than 3% Cr: 


Limestone 

Fluorspar 

Dolomite 
Ferromanganese (75% 
Ferrotitanium (20% 
Ferrosilicon 

Caustic soda 


Starch 
Sodium silicate 
Here several features command one’s attention. First, 


the weight of the covering is specified to be approxi- 
mately 15°, of the electrode weight. In American 


The last two wire Marks are analogs of our £309 and 
310, whereas the first is a puzzling analog of Type 
321, which uses Ti for stabilization. Two coverings are 
defined : 


Russian mart 
VONT-13/NZh 48 

Limestone 57 0 
Fluorspar 35.0 
Ferromanganese 2.5 60 
Ferrosilicon 10.0 
Ferrotitanium 

Potash 


So lium silicate 


Current characteristics scheduled in’ amperes for 
various metal thicknesses in millimeters are as follows 


Vark mm, 


UONL-IS)NZh 30 45 100 
NIT 48 100-130 


120-140 
140 180 


4 
160-180 


190-230 240-280 300-360 


practice, stainless steel electrodes usually carry a cover- 
ing weighing 20°, of the electrode, though this varies 
with electrode size. Second, the Kirovski formula has 
the nature of a “lime-base”’ flux, and as such it com- 
pares poorly with our currently used fluxes. Third, the 
addition of caustic soda to the dry mix is a particularly 
surprising innovation in view of the chemical reaction 
that would follow upon contact with the sodium silicate 
binder. 

As for further points of interest, the Kirovski factory 


is quoted as baking their covering at 180- 200° C (350 


390° F), which is somewhat lower than in American 
practice. Finally, our technology now demands that 
most grades of stainless steel be available in three dif- 
ferent coverings: lime-base, titania-base and a com- 
bination a-c, d-e type. Although Ogievetski supplies 
considerably more information than can be covered in 
this brief report, there is no evidence of a comparable 
coverage for stainless electrode types. 

Sometimes a Mark TsL-2 coating (perhaps applied 
by dipping) is used for welding 18-8: 


Fluorspar 
Limestone 


Ferromanganese 


Sodium silicate 


Since the mix here adds to 110°), the ferromanganese 
figure is probably a misprint for 5. 

For general welding of austenitic stainless steels, 
specification GOST 2523 44 provides the following 
heavy-covered electrodes: 


Wire mark 
KhISNOT 
Kh25N15 


or 
Kh25N20 


Electrode mark 
Ya 
355 Zh 
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In regard to this unexpected application of Ti- 
stabilized electrode wire, Ogievetski discusses both Cb- 
and Ti-stabilization, but apparently without reference 
to Ti losses, which are very high with covered electrodes 
unless a powerful deoxidizer like aluminum is present. 
He merely specifies that final stabilizer contents of the 
bead must be 10 & C but not more than 1.0°;7 for Cb, 
and 5 & C but not more than 0.6°; for Ti. 
he describes a special Mark TsT-1 covering having a 


Elsewhere 
considerably enriched Ti content: 


Ferrotitanium (Ti 1) 
Ferromolybdenum (Mo 2) 
Ferromanganese (Mn 1) 
Ferrovanadium (V 2) 
Fluorspar. . . 

Limestone 


Sodium silicate. . 


The weight of the covering is 50-55°7 of that of the 
wire. The parenthetical grade designations for the 
ferro-alloys are not explained in the text. 


CLOSURE 


Further descriptions of Soviet welding practice, 
which go into some detail, can be found in a book by 
Smelyakov and Kosarikov on the repair of defective 
castings,» and in a recent paper specifically extolling 
Russian achievements in welding under flux.® 

As for Ogievetski’s book, portions will interest the 
general American metallurgist, and a few items might 
prove instructive to the welding specialist; neverthe- 
less, it will be obvious to those familiar with the field 
that American practice held such a good margin of 
leadership in 1948 that it is only likely to be surpassed 
in occasional detail at the time of the present writing in 
1953. 
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In closing, the writer wishes to acknowledge the Office No. 138-142 (1983) 
of Naval Research for their sponsorship of the research Texte. Mel Pres 
of which this translation program forms a part; the 


terest; and G. EF. Linnert of the Armco Steel Corp. for 


his helpful comments on the significance of the Soviet 


techniques 
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Welding, Salvage Materials, 
Make “Wandy-Andys” for 
(Average Shop 


F YOUR maintenance department does electric arc 


welding (and most do these days) here are two 


“handy-andy” products that are very helpful on the 


production floor, while saving back strain and forehead 


wrinkles. Figure | shows a steel chip cart contrived by 
Premium Die & Tool Corp., Jamestown, N. Y., for 


complete upside-down dumping of entangled chips 


Note V-shape weldment on bottom of angle iron, sheet 


metal welding cart. Once on its side the crane gets 


hold for heavy work 


Figure 2 


In Fig. 2 an easily fabricated lubrication stand that 


boasts mobility, too. could be used in several locations 


in most plants of any size. The base in particular was 


welded of numerous pieces of bar stock and angle iron 


for a very solid foundation. This stand is also from 


Premium. Lincoln Fleetweld 47, a type E-6013 


electrode, was used in fabricating this equipment 
Both photos, courtesy ol Lineoln Eleetrie Co., 
Cleveland, Ohio 


Figure l 
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® Reinforcing sections were added to existing columns 
and new shoring trusses were installed in the existing 
structure witha minimum interference with production 


by C. L. Kreidler 


NE of the main contract features was the use of all- 
welded steel construction and camel-back roof 
trusses with chords extending above the roof level. 
Welding accounted for a 15°) savings in needed 
steel, 
For the East Extension a 200-ft aisle of production 
Although working 
space is not decreased, the roof design results in less 


space, free of columns, is provided. 


space to heat and maintain. 

The existing line of columns to which the East Exten- 
sion connected is shown in Fig. 1. The typical saw- 
tooth roof construction along the existing line had main 
columns spaced at 125-ft and intermediate columns at 
11-ft, S8-in. centers. 
moval of the intermediate columns and replacement of 


The new extension required re- 


the three sawtooth trusses with one truss of 125-ft span. 
One of the 125-ft span trusses is shown in the right fore- 
ground of Fig. 1. The truss is resting on the ground be- 
low its final erected position, 

The conventional method of executing this work 
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would be to support the existing roof on temporary 
shoring placed on the floor, remove the existing columns 
and trusses, erect the new truss, frame the existing 
members to the new truss and then remove the shoring. 
The bottom chord of the existing trusses is 46 ft, 6 in. 
above the floor line. Also, the bottom chords support 
the crane beams in the existing bay of the manufactur- 
ing area. To use conventional shoring would deprive 
the owner of considerable manufacturing floor area and 
seriously restrict crane travel. 

Lehigh Structural Steel Co. proposed, and the Archi- 
tects, Fordyce & Hamby, and the Engineers, Strobel & 
Salzman, both of New York City, accepted an ingenious 
method to execute this work without the use of conven- 
tional shoring. In general, a reinforcing section was 
added to the existing columns. New shoring trusses 
were installed in the existing structure which supported 
the existing roof during the interval between removal ot 
the existing sawtooth trusses and erection of the new 
By cutting the intermediate columns 
the sawtooth trusses were removed. The new 125-1 
The in- 


125 ft span truss, 


span truss was then erected in the same space. 
termediate column and existing framing was attached 
to the new truss and then the intermediate column be- 
low the new structure was removed. 


he 


— 


Fig. 1) View of the existing line of columns to which the Extension is connected 
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Instead of removing the shoring trusses, these trusses 
remained in the structure and continued to support the 
sawtooth roof and the existing crane beams. The 
bottom chord of the new trusses on the existing line of 
columns is above the bottom chord of the trusses which 
were to be removed. Therefore, instead of removing 
the bottom chord of the existing trusses, the cutting was 
done so that the bottom chord remains in the structure 
to act asa bracing strut. This bottom chord has exist- 
ing horizontal bracing which has remained in the strue- 
ture without alteration. 

The 125-ft span trusses along the existing line of 
columns are 12 ft, 6 in. in over-all height, have 14WF 
sections for top and bottom chords, angles or tees for 
verticals and diagonals, and weigh about 20 tons each. 
The trusses were shop fabricated in halves, the two 
halves were assembled on the ground in the field and 
raised into final position in one piece. 

The main existing building columns required addi- 
tional column section and reinforcement of the column 
base. The addition of column section and reimforce- 


ment used all-welded construction 


Fig. 2) View of the camel-back trusses supporting the 
Extension 


For the East Extension long-span, camel-back trusses 
support the roof and factory cranes. These camel-back 
trusses (shown in background of Fig. 2) span 200 ft at 
125-ft centers. At mid-span the trusses have a rise of 
10 ft. The bottom chord is 47 ft above the finished 
floor. The truss chord members are 36WEF sections 
with webs parallel to the ground level. The truss ver- 
ticals are 36WF sections to which parallel chord trusses 
having a span of 125 ft., are connected. The 125-ft 
span trusses support the roof and 10-ton monorail 
cranes. 

In order to frame the camel-back trusses to the exist- 
ing column the 36WEF chord sections had to be spliced 
to IAWF sections. 
preparation for field welding of the top chord members 


Figure 3 shows the shop fabrication 
for this connection. Figure 4 shows the same membet 
in the completed, but not erected, joint. 

After the roof covering is placed, the top chord of the 
camel-back truss extends about 25 ft above the roof and 
is exposed to view. These trusses together with all 
other shop and field connections on the subject matte: 
have shop- and field-welded connections. Ends of 
camel-back truss members were prepared for welding in 
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Fig. 3) End panel diagonal on camel-back truss in East 


factory. 36WE Section is spliced to IAWF so as to pass 


between the flanges of the existing Leamel back Lcolumn. 
Shows shop fabrication and beveling for field welding 


the shop, assembled on the ground in the field and the 
truss finally erected into final position using three 
sections. 

With the flanges of the chord members parallel to the 
ground the trusses were assembled on a welding bed 
\fter fitting, the 
The de- 
tails were so arranged that the whole truss would dis- 
the right half, the left half 
By disassembling the truss and 


which was constructed at the site. 
truss is partially welded in the first: position. 


assemble into three parts 
and the center tee. 
using two cranes with a special lifting device (Fig. 5), 
the truss is turned through 180 deg to position two, 
Additional welding is added, the truss again turned 180 
deg into position three, which is the same as position 
one, and the welding on the skids is then completed. 


hig. 4 Same diagonal member as tig. 3 showing com- 


pleted field weld 
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Erecting the right half of one of the trusses weighing 37 tons 


The truss was then disassembled into three parts and cranes were used to raise the half section of the came!- 


hauled to the final building location. back trusses (see Fig. 5). When the half section was 


The right half of the truss, weighing 37 tons, was landed on the building column and the temporary 

raised into position with one end landed on a building erection tower, the load on one crane was released and 
column and the other end on a temporary erection the other crane continued to guy the half truss. With 
tower (see Fig. 5). After the right half of the camel- the one crane guying the truss the other crane filled in 
back truss is tied into the main framing of the structure, the 125-ft parallel chord trusses which frame to the 
the left half, weighing 36 tons, is raised into position. verticals of the camel-back trusses (Fig. 9). The 125- 
After this half is tied into the main framing of the strue- 
ture, the center tee section, weighing 11 tons, is placed. 
Finally the three truss joints, one on the bottom chord 
and two on the top chord, which were not welded on the 
ground, were welded in the erected position and then 
the erection tower was removed. 

All welding was performed in accordance with pre- 
seribed sequence and procedure. The principal welds 
are of the double-V butt type. One truss joint required 
as much as 93 lb of deposited weld metal and a com- 
pleted truss required 470 lb of deposited weld metal. 

The reason for prescribing the sequence and pro- 
cedure and turning of the truss during welding on the 
ground was to control distortion and insure sound 
welded joints. 

The North Extension camel-back trusses are similar 
to the East Extension trusses, except that the span is 
250 ft and the distance from the bottom chord to the 
floor line is 36 ft. Figures 5-8 are photographs of the 
North Extension. 

Close scrutiny of Fig 6 will show an operator welding 
the top chord joint. Figure 5 shows the placing of a 
half truss on the erection tower. Figure-& shows the 
substantially completed North Extension. Figure 7 
shows the 250-ft span truss assembled on skids. This 
truss weighed 105 tons and the 4-in. camber in the 
bottom chord can be seen in the photograph. 

A special lifting device for turning and raising the 
camel-back trusses was used. By placing the lifting de- 
vice at the center of gravity of the section, two cranes Es 
could be attached to the triangular lifting plate. Two Fig. 7 The 250-ft span assembled on skids 
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Fig. 8 North Factory Building, 250-ft span camel-back truss in foreground 


ft parallel chord trusses were shop assembled into halt 
length sections. The two half sections were assembled 
on the ground in the field and finally raised in position 
in one piece. These 125-ft trusses had a prescribed 
camber and again were assembled and welded in 
accordance with the prescribed sequence and procedure 
Another truss of interest is the end truss which carries 
the overhead doors at the north end of the East Factory 
Extension. This truss spans 200 ft, has an over-all 
depth of about 19 ft and a weight of about 72 tons 
The top and bottom chords are L4WF sections with the 
webs parallel to the ground line The verticals and 
diagonals are also 14WF sections. Ends of these mem- 
bers were prepared in the shop for groove welding, the 
truss Was assembled on the ground in accordance with a 
prescribed sequence and procedure and finally raised 
into position in one section using three crawler cranes 
and the special lifting device. 
Early in the field-erection stage of the construction, 
the management of Lehigh Structural Steel Co. decided 
to secure final confirmation of the detail joints and 
soundness of the welds on the camel-back trusses 
Therefore, X-ray technicians of the Metlab Co. of 
Philadelphia were engaged to X-ray the completed 
welds. X-ray films of all the principal joints in one of 
the trusses and the three welds in the final position for 
two of the trusses were developed using radioactive Two cranes are used to plac e one of the 250-ft 
Cobalt 60 for securing the pictures. Thos X-rays saat parallel chord trusses in position 
firmed the soundness of the design and the welds. 
It is of interest to note that this contract required 
2455 tons of structural steel and about 16 miles of '/4-in 14 miles of '/-in. equivalent fillet welds were made in 


equivalent fillet welds were made in the shop and about the field 
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Fig. 1 Over-all view of the site where the Corbetta Construction Co. is building eight huge concrete caissons which will 
support New York State Thruway bridge across the Hudson River. Four thousand tons of steel are being welded in place 
to serve as concrete reinforcing 


Thermit Welding of Concrete Reinforcing Bars 


» Special thermit process butt-welds reinforcing bars for concrete caissons of 
bridge across HudsonRiver; Corbetta Co. builds eight huge “*boxes”’ on dry land 


construction work, is speeding the building of eight 


| IRMIT butt welding, in one of its first uses in 


huge reinforced concrete caissons for the substruc- 

ture of the Tappan Zee Bridge, which will carry the 
New York State Thruway across the Hudson River 
about 15 miles upstream from New York. 

The two largest caissons—-conerete ‘‘boxes”’ 
ure LOO by 190 ft. Two others are 77 by 124'/, ft, and 
four are 56 by 110. Heights range from 30 ft 9 in. to 35 
ft. Figure | gives an over-all view of work in progress. 


mecius- 


The boxes are being built by the Corbetta Construction 
Co., Ine., New York and Chicago, for the Merritt- 
Chapman & Scott Corp., contractor for part of the 
bridge substructure. 

A striking feature of the $3,800,000 part of the job be- 
ing done by the Corbetta company is that the caissons 
are being built on dry land, although eventually they 
will be sunk in the river about 10 miles away. The con- 
struction site is an old clay pit adjacent to the river near 
West Haverstraw, N. Y. When construction is  fin- 
ished, the pit will be flooded; then the dike between the 
pit and the river will be breached, and the boxer will be 
towed approximately 10 miles down-river to the bridge 
location. 

Four thousand tons of steel are required to reinforce 
the 32,000 cu yd of concrete being poured. Several 
lavers of 2-in.-square bars, laid as closely as possible to 
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each other, reinforce the 2'/,-ft-thiek base of each box. 
Reinforcing for the walls consists of steel mats, prefab- 
ricated on the site by electric tack welding of bars 
ranging in size from °/, in. to 1'/, in. This process is 
shown in Fig. 2. Hoisted into place by cranes, the mats 
are tack welded together in place. Wall thickness 
varies from 2 ft 10 in. to3 ft 9 in. 

The Thermit-welding process is being used to join the 
ends of the 2-in.-square bars and some of the [!/4-in. 
stock. The 2-in. bars are brought to the site in various 
stoex lengths and are butt welded to give continuous 
lengths up to 190 ft. About 1000 Thermit welds, gen- 
erally similar to the tvpe used to join railroad rails, will 
have been made by the time the job is ended. 

This particular application of the Thermit process for 
economical welding of reinforcing steel was devised 
jointly by representatives of Corbetta Construction Co., 
Inc., and Metal & Thermit Corp., Newark, N. J. 
Rather than take it for granted that conventional elec- 
trie welding would serve the purpose best, the Corbetta 
Company, in a move typical of the open-minded ap- 
proach it customarily takes to construction problems 
turned to the Thermit process because it offered two ad- 
vantages: First, it was less expensive, inasmuch as the 
extensive power system that would have been required 
for an electric-welding operation of that magnitude in 
the field was not needed. Second, the Thermit method 
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Fig. 2 
tion 
proved to be virtually foolproof, resulting uniformly in 


high-strength butt welds ‘Test welds usually prove 


stronger than a reinforcing bar alone 


Fig. 3) Half of a specially designed mold for Thermit weld- 
ing is being positioned around gap between ends of 2-in.- 


square bars 
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Steel mats are prefabricated by welding before being hoisted into posi- 


The 


kor explanatory purposes, the tech 
nique can he broken down into eight 
ps 

| Phe bars are positioned so that 
there is an approximate '/s-in. gap be 
tween bar ends. A specially designed 


two-section mold of baked foundry 
sand is put around the gap and the re 


bars. As Fig. 3 
the upper portion of the mold is funnel- 


inforcing Indicates, 
shaped, while the lower part is shaped 
to fit 
then dis 


snugly around the bars. 


mold is used once and 


carded 
See Fig. 4 


is clamped ith place. 


Planking and small blox ks ol wood are used to support 


the mold above previously 


Fig. 4 
and De 


placed steel. Four small 


Two-section molds are clamped in place 


holes run from the lower part of the mold to the top. 
Figure 4 shows these plainly. These holes permit 
gasses to escape during combustion. 

3. After the mold has been tightly clamped, all 
cracks where the bars enter the mold are caulked with 
molding material to keep any molten metal from escap- 
ing. In Fig. 5, the molds are shown after caulking has 
been completed. 

1. A steel disk about the size of a 50-cent piece, is 
fitted into the bottom of the funnel-shaped part of the 
mold. The resting place of this disk can be seen in Fig. 
3. The disk serves as a seal between the upper and 
lower parts of the mold, preventing the burning Thermit 
compound from flowing prematurely into the gap be- 
tween the bars. 

5. A teaspoonful of fine steel punchings is sprinkled 
on top of the steel disk. 

6. Thermit welding compound is poured into the 
top of the mold. See Fig. 5. Molds are designed to 


on 


on 


Fig. 5 Thermit welding compound is poured into mold. 

The auxiliary pipe sleeve is used to increase capacity of 

mold to 8 lb, the amount needed for weld of 2-in. bars. 

Without the sleeve, the molds hold 5 Ib each, sufficient for 
weld of bars. 
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hold 5 lb of compound, the amount needed for welding 
1'/,-in. bars. To boost the capacity to 8 lb, the amount 
specified for 2-in. bars, Corbetta inserts a short section 
of pipe into the top of the mold. Principal ingredients 
of the Thermit compound are ferrous oxide and alum- 
inum. 

7. A-small amount of starting Thermit is placed on 
top of the welding Thermit. This is necessary because 
the welding compound ignites at too high a temperature 
to be easily fired directly. 

8. The starting compound is ignited. The result- 
ing blaze is furious, producing a spectacular display of 
heavy sparks. Figure 6 shows combustion as the blaze 
is subsiding. Iron and aluminum oxide result from the 
combustion. When the compound is hot enough, the 
steel punchings and the disk are melted and the com- 
pound flows into the gap, forming the weld. 

Figure 7 shows two stages of a completed weld. The 
top arrow indicates a weld with slag still in place. ‘This 
is broken off with a hammer, giving a finished weld as 
indicated by the bottom arrow. 

Figure 2, which shows welders at work on prefab- 
rication of one of the mats for wall reinforcing of the 
boxes, also shows the system of jigs developed by 


Fig. 6 The Thermit compound burns. Note caulking of 
cracks where the bars enter mold 
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Fig. 7 Finished welds. Top arrow shows weld before slag 
has been knocked off. Bottom arrow points out weld with 
slag removed 


Corbetta for holding the bars in place during the weld- 
When 
one leg of the angle is laid flat on wood bracing, the 
Notches are cut in the pro- 


ig. The jigs consist of 2 & 2-in angle iron. 


other leg sticks straight up 
jecting leg, and the reinforcing bars rest in the notches 
When a different type of mat is to be prefabricated, the 
angle-iron jigs, which are fastened to the wood only by 
nails, are easily rearranged 

With the bars for a mat in place, about one in every 
\ quick 


The only purpose 


five of the bar intersections is are welded 


“blob weld” is all that is necessary 
of this welding is to hold the mat together until the con 
crete is poured around it and hardens 

When hoisted into place the mats overlap slightly 
This allows them to be welded together to give unbroken 


reinforcement. No tie wires are used in the reinforcing 


process The svstem ol welding throughout the com 
plicated reinforcing muze keeps all bars precisely posi- 
tion during the series of concrete pours 

The reason for selecting hollow-box construction for 
the caissons is that the Hudson River at the bridge site 
has a relatively soft bottom, and it was decided that it 
would be impractical to use spread footings for bridge 
piers and uneconomical to support the main span piers 
entirely on piles all the way to bedrock 230 to 300 ft be- 
low the water surface 

The combination of buovant concrete boxes and piles 
overcomes these engimeering problems \fter the boxes 
ure towed to the site, water will be pumped into them as 
ballast until they settle to prepared beds on the river 
bottom. Piles will be driven through galvanized-iron 
sleeves built into the boxes during construction on land. 
The buoyant boxes will support SOC, of the dead load of 
the bridge, while the piles will carry 20°, of the dead 
load and all of the live load. (The galvanized-iron sleeves 
can be seen in Fig. | 

As the piers are built on top of the boxes and as the 
superstructure is constructed, the water will be pumped 
out of the boxes. Eventually, the boxes will be 
pumped dry. 

Another lift of concrete will be added to the boxes at 
the bridge site by Merritt-Chapman & Scott, This will 
bring their final height to 40 ft. Construction cannot 
be finished on land because the channel would not be 
deep enough to float the boxes from the basin where 
they are being constructed to their final position. 

The same general method was used by Corbetta re- 
cently in building the substructure for New York Pier 
57, in which the company had a joint-venture contract 
with Merritt-Chapman & Scott. For that job, three 
massive concrete boxes were built in the same basin near 
West Haverstraw and floated down to West 15th St. in 
Manhattan. 

On the bridge caisson job, Charles Prokop, Vice- 
President of the Corbetta firm, is over-all supervisor. 
Olav Olsen is general superintendent of construction 
Walter Campana is general steel foreman, in charge of 
reinforcing steel fabrication. George Caneva is project 
engineer. Nelson Smith is the master mechanic, and 
Theodore Charvat is assigned to development of special 
devices to facilitate the unique construction techniques 
that have been devised 

Designer of the bridge is Capt. mil H. Praeger of the 
firm of Madigan-Hyland Barrett is 
Madigan-Hyland’s resident engineer at the site of 


Cornelius It 


caisson construction 


SEPTEMBER 1953 


Practical elder 


and signer 83 


| 
\ 


Lukens Brings “Top Steel” to | 


Meet the Press 


UKENS, rather than bring the press 
I, to the mill, decided to take “as much 
of Coatesville, Pa. as it could carry” 

to New York. 

Into the Roosevelt's big Hendrik Hud- 
son Suite moved the “top steel” of Lukens, 
headed by Charles Lukens Huston, Jr.. 
president of one of the country’s oldest 
steel] mills, and great-great grandson of the 
founder. 

Theme center of the informal supper, 
featuring some traditional Pennsylvania 
cooking, was & massive mock-up of the 
ingot from which Lukens rolled the 


world’s heaviest steel plate. The ingot-— 
over 12 ft high and 40 in. thick—-served 
also as the sereen for the first showing of a 
new color film by Robert Yarnall Richie 
describing the company’s clad steels. 
Exhibits detailed Lukens’ $22 million 
postwar expansion program, designed to 
maintain the 625-acre plant as the world’s 
leading producer of specialty steels, clad 
steels, heads and steel plate shapes. The 
growth of Lukens from its founding in 1810 
was traced down to the present time—it 
is not only America’s oldest plate rolling 
mill; but rolls the world’s widest, thickest, 


Fig. 1 Hat factory for giants 
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ew York to 


heaviest plates; rolls more stainless steel 
plate than any other company, and is a 
key producer of such special steels for the 
Navy as hull plates for atomic submarines 
and armor plate for aircraft carriers. 

The exhibits stressed that Lukens’ place 
in the industrial picture revolves around 
steel, alloy steel and clad steel plates; bit 
facilities; exceptionally complete and 
varied fabricating facilities; and broad re- 
search and engineering development pro- 
grams. 

Lukens’ big facilities are headed by its 
206-in. rolling mill-known as the “Big 
Mill” throughout the steel industry. The 
Big Mill can produce carbon and alloy stee! 
plate up to 195 in. in width, clad steels up 
to 178 in. wide, compared to the 160-in 
plates which the next largest mills can turn 
out. Wide plates find their greatest use 
in such industries as petroleum refining, 
petro-chemical, papermaking, shipbuilding 
and railroading, where their use cuts fab- 
ricating operations, welding footage and 
other procedures, 


HEADS TO CUT FABRICATION 


A pioneer in the production of standard 
head shapes, Lukens spins a wide range of 
heads, from 12 in. to 20 ft 6 in. in diameter; 
and presses heads from about 4 in. up to 
9ftin diameter. Lukens spins the world’s 
biggest one-piece heads on its 276-in 
flanging machine big ‘“‘hats’’ weighing as 
much as 36,000 Ib. Thicknesses of heads 
produced by both methods range from */\, 
to 6 in 

Previously, steel heads have been 
thought of chiefly as parts forming the 
ends of pressure vessels and storage tanks 
in the power and chemical industries. To- 
day, however, more and more cost reduc- 
tions are being built into machine designs 
by combining types or parts of head shapes 
with other structural parts 


whole head unless the design calls for it, 
since parts or sections can be effectively 
used for many applications. The wide 
range of available sizes lends itself to many 
purposes, Practically all kinds of com- 
mon metals can be formed into head 
shapes. 

Three methods can be used to modify 
head shapes for various applications: ma- 
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Fig. 2) Pressed heads for containers 
of giant 230-kv “*watch case” oil cir- 
cuit breakers. Each half of these 
cases was formed of a plate 152 by 
113!» by in. thick. The completed 
unit is rated at 7.5 million kva. 


the evlinder requires one or more steel 


plates formed to shape fitted together and 


welded Usually, the plates are first con- be 
structed into eylindrical sections, or 
“Courses Naturally the wider the 
plate s from which the courses are formed 
by the fewer courses are needed for the desired 
vessel length. Less welding, fitting, shap- 
ng und other opel itions are required to 
complete the vessel 
That's where the Big Mill's wide plates 
come iD The use of Lukens’ wide plates 
in some fabricating procedures has cut the 
number of fabricating operations in half, 
The Big Mill not only rolls carbon steel 
plates, but produces extra-wide clad steel, 
illoy steel and nonferrous plates. It also 
rolls the thickest (25-in heaviest (06,000 2 
Ib) plates of any rolling mill 
MODERN WELDING TECHNIQUES 
140 years of tron- and steelmaking 
experience and nearly a quarter century of 
pioneered welding developments have been 
combined in the Lukenweld division of 
Lukens Steel Co, to produce a number of 
miosts, firsts, biggest: and bests’ in steel 
weldments 
terial can be removed by flame cutting, 
added by we ding or worked with a com 
bination of these two methods For ex- 
ample head shape sean be used as integral 
ends of cylindrical structures, as removable 
covers tor various ty pes ol openings such 
as the end shields of large squirrel-cage 
motors), and as circular structural ele- 
ments such as table bases and as the bases 
of floor-type fans. 
Shapes can be modified by cutting out 
holes and segments to adapt the head 
shape for various mechanical functions 
For example up to certain speeds east 
iron heads have been acceptable as covers 
for grinding wheels. Now, however, most 
= . users demand steel guards Irrespective ol 


surface speeds A steel hood is less likely 
to shatter than a cast-iron hood, if the 
grinding wheel breaks at high speed. One 
well-known grinding machine company 
USES & flanged-only steel head for its guards 


with a cut-out for working space 


WIDE PLATES FROM “BIG MILL” 
HELP CUT COSTS OF INDUSTRIAL 
EQUIPMENT 


The typical industrial vessel is, basi- 


cally, a large tube or cylinder, constructed Fig.3 Awelder at Lukenweld, Coatesville, Pa., puts the finishing touches on the 
from steel plate. Depending on its size stainless steel crankcase of a nonmagnetic Diesel engine 
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hig. 4 The casing weldments of this 80,000-kw steam turbine generator set, 
installed inan Eastern power plant, were fabricated for a big electrical equipment 
manufacturer 


For example, the first steel undertrame 
for a modern locomotive was designed and 
fabricated at Lukenweld for the Burling- 
ton “zephyr,” «a erack transcontinental 
train. This weldment is still is use after 
more than 14 years of dependable service 

Still other developments for the railroad 
industry include such items as blocks an 
bases for Diesel, gas and steam engines, 
from 150 to 15,000 hp. A typical example 
is a new Lukenweld frame of all-welded 
construction for the engine of a high-speed 
Diesel locomotive. Compared to former 
locomotive engines using cast-iron com- 
ponents, the new Diesel requires 67% less 
space, is 58% lighter and delivers twice as 
much power. Minimum weights and 
maximum rigidity add to this unit’s 
efficiency, while retaining greater strength 
and shock resistance 

Another Lukenweld advance is the 
welded steel truck frame for modern, light- 
weight railroad cars. All-welded steel 
construction makes it almost third 
lighter than conventional truck frames of 
the same dimensions. After nearly two 
years of operation under a high-speed 
Vista-Dome passenger car in one of the 
world’s fastest trains, this radically new, 
all-welded frame has completed over half 
« million miles without a single trip to the 
shop for maintenance, 

Of course, railroad equipment is just one 
segment of many fields of industry that are 
served by Lukenweld. From doughnut 
cookers to giant dump trucks, hydraulic 
press frames, turbine easings, gear hous- 
ings, stator frames, machinery bases and 
hundreds of other items, weldments are 
being designed and fabricated by Luken- 
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weld to meet unusual service demands 
with better performance, higher safety, in- 
creased pay load and decreased weight. 

In «a giant shovel bucket designed and 
built by Lukenweld in cooperation with a 
builder of earth-moving equipment 
larger by 4'/. cu yd than any other bucket 
ever made maximum pay load is made 
possible by unique design features. 
Special work-hardening alloys provide in- 
creased wearability under extreme operat- 
ing conditions, 

In developing designs for new structures, 
weldment weights can be closely predicted 
in advance. If required, stress analysis 
studies are made with plastic models, and 


pilot models are built and tested belore a 
production run. Unless existing machin- 
ery into which the new weldment design 
is to be incorporated imposes inflexible re 
strictions, the designer is permitted much 
greater freedom to his imagination and 
ingenuity than was possible with the 
forgings and castings to which he was 
formerly restricted, 


RESEARCH DEPARTMENT 
DEVELOPS NEW PRODUCTS, 
PRACTICES AND MATERIALS 


At Lukens Steel Co. the problems er 
countered by the Research Department 
are extremely varied, since the parent com 
pany is primarily a steel producer, while its 
two divisions, By-Products Steel Co. and 
Lukenweld, are fabricating units, The 
Research Department makes no attempt 
to work in the field of pure or scientific ré 
search, but devotes itself to what can be 
termed “applied research,’ Briefly, its 
functions and objectives are as follows: 
To develop new products. 


2. To develop new practices and im 
prove present methods. 

3. To find and experiment with new 
materials that will improve practices and 
products. 


Typical examples of special steels are 
armor plate, high-tensile steels and steel 
for low-temperature and elevated tempera- 
ture service. 

Lukens’ research personne] consists ol 
metallurgical engineers, welding engineers, 
metallographersand laboratory technicians 
Also available, as needed, are mechanical 
and electrical engineers, a chemical labora 
tory staff, physicists and stress analysts. 

The Research Laboratory is well 
equipped to carry out research problems in 
all phases of Lukens’ operations. — In addi- 
tion to various types of testing machines 
and equipment; hand, automatic and 
flash-welding facilities; «a 1200-ton press; 


Fig. 5 This is one of four new field storage units 60 ft in diameter, 20 ft high, 
fabricated of Lukens Type 347, 15, 20 and 25% stainless-clad steel for a Kansas 
petrol-chemical company 
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ind electric melting furnaces, the labora 


tory has heat-treating furnaces, refractory 


testing equipment & corrosion-testing 
luboratory and its own machine shop All 
chemical analyses are determined a 
central chemical laboratory. A very im 
portant pl int it arch Is making 
search of available literature before start 
Ing a project ind for this there Is fh tech 


nical library staffed by a trained librarian 
ind “an assistant 

Fabricating operations are also given 
onsiderable study by the Research group 
For example, hand and automatic welding 
processes and their metallurgical effect on 
special products ure explored, Flash 
welding has been thoroughly investigated 
Hot and cold forming is an important 
phase of such operations as flanging, in 
producing heads and «a vanety of items 
made by By-Products Steel Co, Steel 
quality must be carefully controlled for 
this work, and practices are developed to 
insure the metalis not adversely affeeted in 


the process 


Fig. 6 Simplicity of unique new “package plants” for the direct solvent extrac- 
tion of cottonseed oil, developed by the Lukenweld division of Lukens Steel Co. 
The first of these units, to be operated by Mississippi Cottonseed Products Co.. 
Jackson (Miss.), will require only two operators per shift for seed cooking and oil 


extraction 


Beating Worn Drum Problem by Automatic 


Welding 


ALVAGING of worn or damaged plant equipment 


by welding, particularly when replacements may be 


costly and downtime cannot be countenanced, is 2 
profitable field to explore for energetic operators of 


commercial job welding shops 


limited only by the Mgenuity and resourcefulness of the 


individual and by the flexibility of his equipment 

Fake the case of a small job shop in the Chicago area 
specializing in tackling unusual welding assignments 
It was decided to undertake the task of building up the 
surfaces of worn bearing rolls supporting an Il-vr old 


6- x 60-ft eooler kiln operated by a processor of dead 
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burned dolomite. The forged steel rolls originally were 


24 in. diam with 9-in. hub and 6-in. face. Under heavy 


load they had worn down to 22 in.-diam and were 
mashed out to 6 in. on the face. Thus, it) was 
necessary to build up %/y-in. thickness of steel on the 


face and to machine to the original dimensions 

\ semiautomatic Lincoln ML-2 welder was adapted 
to do the job. The equipment had been recently ae- 
quired and was being used for a variety of both manual 
submerged are-welding work and, by mounting on a 
travel carnage, for automatic operations 


\ means for rotating the bearing roll at) constant 
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Fig. 1 


Building up the face of a worn bearing roll by automatic sub- 


Fig. 2 Three passes were made across the face of 


merged arc welding involved adaptation of a '/.-hp motor and stoker the roll, each a continuous overlapping bead. 
drive to turn the roll under the welding head. Note flux peeling from 
the deposited bead on the roll 


speed under the welding head was needed to permit de- 
positing a continuous bead. The answer was an old 
stoker drive connected to a '/s-hp electric motor through 
V-belts as shown in Fig. 1. To compensate for 
possible misalignment between the centerline of the 
roll and driveshaft, a universal joint was welded to the 
stoker screw flight and to the roll hub. Cost of the 
entire fixture was only $1.70 for V-belts. 

The ML-2 “gun” was mounted ona small gas-cutting 
torch buggy which the shop had on hand. Movement 
of the gun across the face of the roll was made through a 
rack and pinion controlled by a hand wheel. In opera- 
tion, it Was moved one-half the width of the bead after 
each revolution of the roll. The electrode was posi- 
tioned | in, off top center on the “downhill” side. 

After preheating the roll face by torch to 200-300° F, 
the welding was started using a current setting of 400 
amp, negative polarity, voltage Position No. 6 on the 
ML-2 and a travel speed of LL ipm. 

The metal build-up was continuous from one edge of 
the roll face to the other with no breaking of the are. 
‘Two passes were made with mild steel electrode wire and 
No. 840, a fast freezing flux. A third and final pass was 
made with L-70 wire and the same flux. The latter wire 
is somewhat higher in.carbon —0.11 to 0.17°% against 
0.08 to 0.180) —-and also in manganese, 0.60-0.90° 


Transverse movement of the welding gun is ac- 
complished through a hand wheel actuating a 
rack and pinion. Plates on the roll sides are 
temporary to prevent flux spillage 


tending to make the finished surface of the roll more 
resistant to pressure and abrasion. 

Two */\¢-in. plates were tack welded to the sides of the 
roll to keep molten flux from spilling over the edges. — It 
was found that the solid slag deposited on the weld bead 
was self cleaning. No chipping or breaking was 
necessary since the slag peeled off in a ribbon as the roll 
rotated, 

A total weld deposit of 160 Ib was made on two rolls 
during the course of an 8-hr day. Cost of building up 
these rolls, including machining, was 300% of the cost of 
new rolls, and a minimum of downtime was involved for 
the reconditioning. Machining of the weld metal dis- 
closed no slag inclusions, voids or gas pockets. 

It is calculated that with this automatic setup it is 
possible to deposit in one working day as much weld 
metal as could be laid down by hand operation in a full 
week. Beyond that, the quality and uniformity of the 
built-up overlay far exceed that possible by manual 
methods, 

If desired, this same arrangement could be used for 
hard surfacing by the application of new alloy-contain- 
ing fluxes which impart chromium and carbon to the 
molten metal of low-carbon steel electrode wire, de- 
veloping wearing surfaces up to 62 Rockwell C hardness. 
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Oad-Carrving Capacity of Fillet Weld 


onnections 


® Proper placement of fillet welds in connections between rolled- 
angle sections and gusset plates for static and fatigue loads 


by F. hoenigsberger and W.. Green 


LMOST as long as welding has been used for joining 
angle sections to gusset plates, ete., several opin- 
ions have existed with regard to the arrangements 
of the welds employed. Many engineers and de- 

signers considered it —to say the least —immaterial how 
the welds are arranged, provided a sufficient throat 
area of weld is adopted. This opinion is favored by 
designers in Great Britain, who seem to give particular 
weight to the practical problems arising in construction. 
Some designers prefer an arrangement where both fillet 
welds have equal throat areas (Fig. | (a)). In general 
no qualification is given to justify this opinion. Other 
designers (particularly in the United States and on the 
Continent) and also some Continental specifications 
consider it highly desirable that the centroid of the weld 
throat areas coincide with the centroid of the angle 
section, in other words that the throat areas of the weld 
should be inversely proportional to their distance from 
the centroid of cross section of the angle (Fig. 1 ()) 
The reason for this is that if the mean shear stress f is 
the same in both welds, and the throat areas a of both 
welds are equal, a bending moment af(2, a) (Fig. 1 
(a)) Is set up in the connection in addition to the direct 
tensile force. But if ayx, dete (a, and dad» being the 
throat area of each weld, respectively), the bending 
moment becomes zero 

In order to clear up the confusion caused by the dif- 
ferent opinions it is essential to consider whether the 
joint in question has to cerry a static load or a fatigue 


load. 


(A) STATIC LOADING 


xperiments and tests on jomts connecting angle 
sections of various sizes (Tables | and 2) have shown 
that the load-carrying capacity of angles or welds under 
static loading conditions is not affected by the arrange- 


F. Koenigsberger is Lecturer and H. W. Green is Assistant Lecturer at the 
College of Technology, University of Manchester, England 
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| 
ment of the welds," ? as in this case the material is able | 
to adopt itself to the prevailing condition. This is il- 
lustrated by tests carried out on single angle specimens [ 
in order to investigate most severe conditions. On ap- 
plication of a tensile load these specimens deflected so 
/ 
WELD AT / 
TOE OF l 
@ » ANGLE 
p 
a 
f A 
WELD AT | , ff y 
ANGLE 
x 
b 


Fig. 1 Fillet welds holding an unsymmetrical rolled sec- 
tion to gusset plate 


a) Welds arranged independently of X; and X); 6b) welds arranged 
in relation to X, and X 
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Table 1—Results of Static Tests 


Free Yield Stress at 
length of stress, fracture, 
Test angle, Weld at heel Weld at toe Yield load, Load at caled., caled., 
No. Angle size, in ft in. of angle, in of angle, in. tons fracture, tons — tons/sq in. tons /sq in 
4'/; 93 /, x 25 35 38 10 27.6 
2 x 10'/; 6 27 40 41 10 IS 8 29.7 
3 2- 4'/, 3/igx 97/4 x 93/, 26.85 10.33 19.4 29.2 
2- 1/,x 10'/, 6 25.20 38.95 18.3 28.2 
5 x 1-10'/, 9 /, xX 93 /, 25.20 36.70 18.3 26.7 
6 1- '/, x 10'/, 6 25 40 36.90 IS 4 26.8 
7 x '/, 5- 4! 93/, 93/, 24.00 37.20 17.4 27.0 
«x 10! x6 23.90 36 10 17.3 26.2 
3X '/s 2x x 5 93.00 155 20 16.9 28.2 
x x 86.30 154 00 15.7 28.0 
x x 17/5 35.9 29 7 
x x 1! 35.0 22.1 
x x 2 47.0 26 2 
x x 2! 5 25.2 


Fig. 2) Single angle in testing machine 


that the centroidal axis of the aagle came into line with 
that of the gusset plates (Pig 2). The ultimate load of 
these specimens remained still equal to the cross-see- 
tional area of the angle multiplied by the ultimate ten- 
sile stress of the angle material and this was even the 
case when the arrangement of the proportioned welds 
was completely reversed (Table 2, Tests 19 and 20). 
Three arrangements of welds are shown in Fig. 3. 
In Fig. 3 (a) the welds are equal, and in Figs. 3 (b) and 
3 (c) the throat areas are proportioned inversely to their 
distance from the centroid of area of the angle section. 
In the vicinity of the welds on the surface of the at- 
tached member a series of rectangular rosettes were set 
out, and by using a Johansson extensometer of '/4-in. 
gage length at each point the principal stresses were de- 


termined. These are shown in Fig. 4. In the case of 
the two types of joints for the angle specimens with pro- 
portioned welds 3 (b) and 3 (¢), the position of the 
smaller weld with respect to the gusset plate had no 
appreciable effect on the value of the maximum stress 
and only altered the rate of increase of stress at the 
joint. The stress distribution found in the angles at 
the joints’: * shows that the arrangement of the welds 
does not affect the bending moment on the angles, but 
seems to indicate more severe stress concentrations in 
the case of welds which are arranged without regard to 
their distance from the centroidal axis of the angle. 
This could suggest a weakness under fatigue loading 
conditions and a series of fatigue tests was, therefore, 
carried out on specimens as shown in Fig. 5. 

For these tests the following specimens were pre- 
pared: 

(a) Specimens with equal welds (Fig. 5 (a)) 

(b) Specimens with proportional welds (Fig. 5 (b)) 
arranged as those shown in Fig. 3 (b), as this 
arrangement shows a more favorable stress 
gradient than the arrangement shown in Fig. 3 
(c) (see Fig. 4). 

The size of specimen was so chosen as to represent a 
structural member of practical significance, at the same 
time being within the capacity of the available testing 
machine. 

The tests were carried out in a Losenhausen fatigue 
testing machine with a loading-eyvele range of 100 tons 
Figure 6 shows one of the specimens under test in the 


machine. 


Weld at toe 


We ld at he el 


Table 2—Results of Static Tests on Single Angles 


Stress at 
fract ure, 


Load at Yield 
Yield fracture, stress, 


Test No of angle, in of angle, in load, tons fons tons /sq in tons /sq in 
15 /, 9 /, 15.5 19 75 22.5 28.6 
16 X / 14.75 19 60 21.4 28 4 
17 10'/; 6 14 70 19.25 21.3 27.9 
Is x 10! 6 14 65 19.25 21.25 27.9 
6 10! 10 75 IS 05 15 6 27.5 
20 6 10'/; 11.25 19 27 16.5 27.9 
Nore: Size ofangles = ox Free length of angles = 30 in 
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FILLET WELDS 3x 3x S ANGLES 
2" DUATE 
8 | 
(a) 
= FILLET WELD = FILLET WELD 
at 8 8 
\ 4 3 
@ PLATE > ET WELD PLATE > FILt ET WELD 
(b.) (c.) 
hig. 3) Arrangement of welds on double-angle test specimens 
| | 
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9 SPECIMEN 
O | FIG 30 | 
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FIG. 3a.WITH PACIKING 
O + 
O 
mom SPECIMEN 
FIG. 3b. 
| POSITION | OF 
Ww) EXTENSOMETER 
| 
! 2 4 7 8 9 


3 5 6 
DISTANCE ALONG ANGLE IN INCHES 


Fig. 4 Graph showi>« comparison of principal stress variation for angles with different weld distributions 


In all tests a evele having a minimum value of I-ton 


load was used The object of this choice was to create —_ 4 es 
a unidirectional loading on the wedge grips and thus to = 
prevent back hammering in the wedge boxes 208" 84 ae ee 

The loading range and the number of cycles to failure | 
for each specimen are shown in Table 3. The SN J 
curves show (Fig. 7) that the proportionally welded 4 
joints (Fig. 5 (6)) give a much higher relative fatigue 
life than the equally welded joints (Pig. 5 (a A 

The direct tensile stress is generally used for caleula- 09% we 
ting the load-carrying capacity of an angle section, and Fig. 5 Specimens for fatigue tests 
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Table 3—Results of Fatigue Tests 


No. of cycles to fracture- 
Specimens with Specimens with 


Load cycle, 
welds equal welds proportioned 


fons 


1-27 5,172,560 8,724,220 
1-30 1,796, 400 2,688, 920 
1-35 692, 700 1,247, 100 
1 40 481, 460 1,309, 980 
1-45 531, 400 772,630 
1-50 334, 100 632,370 
409, 100 
1-55 272,870 468, 130 
1-60 235,300 288 530 
1-65 250, 520 227,770 
1-67 66,670 
1-75 72,310 132, 130 


even for static loading conditions the permissible work- 
ing stress value used in such calculations is not assumed 
This would cor- 


higher than 10 tons per square inch. 
respond to a maximum load of 55 tons for the angle 


sections used in these tests. 

For loads within this range the life of the equally 
welded specimens (Fig. 5 (a)) was less than 70°; of that 
found for the proportionally welded specimens (Fig. 5 
(b)). The difference limit is not so 
striking, but in many structural applications the life for 
a given load is most important, and loading cycles 
above, say, two million are unlikely to be reached dur- 
ing the life of the structure. 

An inspection of the fractured specimens showed that 
of the 10 proportionally welded specimens seven failed 
primarily in the gusset plates and three in the angles 
whereas all the equally welded specimens failed in the 

The fractures in the gusset plates showed in 
case that the origin of the failure a ad- 
jacent to the end of the heel welds (see Fig. 1), the 
fracture propagating radially from these Pal The 
angle failures indicated without exception that the 
fatigue fractures started at the toe adjacent to the end 
of a weld. 

These results would seem to uphold, for fatigue 
loading, the specifications which call for a proportional 
distribution but the 
absence of further fatigue tests on 


in endurance 


angles, 
every 


of welds, in 


Fig. 6 Specimen in *Losenhausen” fatigue testing ma- 
chine in the fatigue testing Laboratory of the British 
Welding Research Assn., Abington, Cambridge, England 


Tests 9 and 10). The load-carrying capacity in fa- 
tigue is less than 18°% of that under static loading. 

The authors are indebted to Prof. H. Wright Baker, 
D.Se., M.1I.Mech.E., for permission to publish these 


results; Dr. J. H. Lamble, Ph.D., M.Eng., M.I.Mech. 


erted by the gusset plate in front of 


the effect of weld arrangement on 
fications should also stipulate that | 
the arrangement should) be as SS = 
shown in Fig. 5 (b), as the improve- | 

ment of the fatigue properties may 
be due to the supporting action ex- 


mens may be compared with the 
results of static tests (see Table 1, 
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the weld rather than the load distri- 

may be made ih is connection tO 2 

experiments with a packing plate in 20} 
front of equal welds! 2 hen the +-— T + 4 

stress gradient in the angle was con- }_f 
siderably reduced (see Fig. 4). | 
rhe endurance limit of the speci- 4 s 
10 10 10 10 


CYCLES «TO FARURE 
Fig. 7 curves for angle specimens 
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E., M.I.N.A., for his interest and advice; the British 
Welding Research Assn. who carried out the fatigue 
tests; and to George Ashton who cooperated in the prep- 
aration of the specimens. 
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hese Handrails Are Made trom Scrap 


by G. M. Priske 


Jour serap pile may be a mine of valuable material 
that can be turned into attractive and useful items 
with your oxy-acetylene cutting and welding blow- 
pipe. The sturdy and decorative handrails shown 

in Fig. 1 are a good example of what can be done with 

worn Out metal parts. 
These rails for outside steps were braze welded from 


You 


can make steps to your home or shop safer and more 


discarded pipe and Diesel-engine piston rings. 


attractive by making and installing a set of rails like 
these. Fabricating such equipment to sell to home 
owners can provide additional income for your shop, 
particularly if you are located near new housing de- 
velopments. 


G. M. Priske is connected with Sigma Mines, Ltd, 


Fig. 1. Serap materials, cutting and welding blowpipes 
and ingenuity produced these sturdy handrails 


The sketch in Fig. 2 will be of help when you make a 
set of these rails. Dimensions will vary, of course, de- 


pending upon the steps for which the rails are built. 


SIL 


tel 


Notes- Vertical posts -top and bottom rails -/1n. pipe. 
All other rai/s-¥2 in. pipe. Riags- 72 in.x V2in 
cast tron discarded piston rings 


Fig. 2. 
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Ground Elev 


This diagram lists the materials used and the dimensions of the railings 


Lath: 4 


Steel Walking Crank of 30-Cu Yd Shove 
Reclaime 


® Broken by stress in two pieces through the web, 
beveling, arc welding restore crank to service 


by J. X. Merkt 


WELDING and machine company recently took on 
the job of salvaging a large cast steel walking crank 
of a 30-cu vd shovel which was broken through the 
web. This crank is subjected to severe stress and 

strain, especially when the shovel is being moved. 

Proper procedure for preparing and are welding the 
crank was first determined and FE 7016 electrode was 
decided upon for the job. 

Figure 1 shows the crank, broken in two pieces 
through the web, before it was prepared for welding. 
Beveling of the steel casting, using a cutting torch is 
illustrated in Fig. 2. 

A portion of the casting was left unbeveled at first to 
help align the two pieces. To further assist in align- 
ment a */,-in. steel plate, shown at right in Fig. 3, was 
tuck welded underneath the web in broken piece of the 
crank at left, with coupling flange resting on the floor. 


J. X. Merkt is Supervisor of the Technical Sales Dept., of the Louisville 
District of Air Reduetion Sales Co. a div. of Atr Reduction Co., Ine 


. Walking crank, broken through web, before pre- : 
i4 paring for welding Fig. 3) Two pieces of crank aligned for are welding 
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an 
‘ Fig. 2. Beveling casting, using a cutting torch and a tip 
hig. I 


Fig. 4 Making two vertical welds in web simultaneously 


The other portion of the crank was then placed upright 
on the plate, and aligament was made quite easily. 

Next, the casting was preheated at the web, with oil- 
burning torches, to approximately 350° FL Are welding 
then was done, with the crank in the upright position, 
using KE 7016 clectrode. The two vertical welds were 
made first, by two operators working simultaneously, as 
pictured in Fig. 4. This kept the two parts from getting 
out of alignment and speeded up the welding. 

After completion of the vertical welds, the portion of 
the break that had not been beveled was gouged with a 


cutting torch and a gouging tip 


Fig. 5 Walking crank after completion of are welding 


Phe plate used for alignment was then removed and 
are welding Wis comple ted igure 5 shows the walking 
crank after the completion of are welding 

\pproximately 500 Ib of IX 7016 electrode were used 
on this job. There was no sign of underbead cracking 
or porosity at any time during the are welding 

veryone was highly pleased at the very successful 
manner in Which the job turned out. This reclamation 
job saved the owner of the walking crank $8600, to say 
nothing of enabling him to avoid considerable down- 
time on this shovel, which might have proved very 
costly to him 


Steels in all thicknesses. 
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WELDABILITY OF STEELS 


An outstanding summary of current knowledge of the Weldability of Carbon & Low Alloy 
Steels prepared by Drs. R. D. Stout and W. D’Orville Doty under the direction of the Weld- 
ability Committee of the Welding Research Council. 


Book of 381 pages including tables for welding ASTM, SAE, ABS and other specification 


List Price $6.50. A 20% discount to members A.W.S. Limited Edition. Order your copy 
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activities related events 


President Elect 
FRED L. PLUMMER 


Fred L. Plummer was born in 1900. He 
holds a Bachelor of Arts degree from Ohio 
University and «a Bachelor of Science in 
Civil Engineering from Case School of 
Applied Science, Master of Science Degree 
from the same school and an A.B. Degree 
He is a Registered 
Engineer of the states of Ohio, New Jersey 
and New York 


one on Statically Indeterminate 


from Oberlin College 


Mr. Plummer has written 
two books: 
Structures and the other on Soil Mechanics 
and Foundations. Ue is author of more 
than thirty articles published in various 
technical journals of which two on Pres- 
sure Vessels were published in Tur Wetp- 
ING JouRNAL and The Oi! and Gas Journal. 

Mr 
Associate Professor at Case 
from 1923 to 1937, teaching such subjects 
as Mathematics, Civil Engineering and 
Structural Engineering. He was a 
turer during this period at Cleveland 
School of Architecture He also lectured 
at John Huntington Polytechnic Institute 

In 1928, while on leave from Case, he 


Plummer was an Instructor and 


for 14 years 


Lee- 


was in charge of the structural analysis and 
design of the world’s largest Airship Dock 
for Goodyear Zeppelin Corp. at Akron, 
Ohio, in association with Wilbur Watson 
& Associates, Consulting Engineers and 
Architects. He was also in charge of 


S866 


design of « seven million dollar steel bridge, 
being associated with Wilbur J. Watson 
and F. R. Walter. 

During his stay with Case he was also 
consultant for 
such as the Truscon Steel Co., Republic 
Steel Co., Dow Chemical Co., U.S. Engi- 
neers Corps and others. From 1937 to 
1940 Mr. Plummer was Chief Design 
Engineer of the Main Avenue Bridge Proj- 
ects, Cleveland, Ohio, The project. in- 
eluded the main bridge structure about 
one mile long with complicated approach 


a number of companies, 


structures. It was necessary to partially 
wreck and remodel many buildings, move 
and reconstruct many sewer and utility 
lines. The complete project cost about 
eight million dollars. 

1940 to date Mr 
been Chief Engineer and new 
the 
The company fabri- 


Plummer hes 
Director 


Iron 


Since 
of Engineering of Hammond 
Works, Warren, Pa. 
cates and constructs all types of shop- and 
field-erected steel plate structures and 
vessels used by the chemical, rubber and 
petroleum industries 

He is also General Manager, Hammond 
Latino Americana Construction Co., oper- 
ating outside continental United States. 
Mr. 
Bailey Bridge Mission to Japan. 
head of «a group of engineers and produe- 


member of the 
He was 


Plummer is also a 


tion managers sent to Japan by the Corps 
of Engineers, U. 8. Army, following the 
outbreak of the War, 
Japanese manufacturers and fabricators of 


Korean to assist 
steel in setting up procedures and facilities 
for producing necessary special steels and 
fabricating Bailey which 
would be interchangeable with those pro- 
duced in United States and Great Britain. 
Mr. Phammer is a member of many engi- 
neering societies and scientific groups. 

His with the 
WELDING include: 
1941-44; Chairman, 
1938-41; District Vice-President, 
1952, President, 1052 to date. 
served on the 
Handbook Committee, and Chairman 
Fabrication Division, PVRC of the Weld- 
ing Research Counsel, 1949 to date. 


Bridge parts 


AMERICAN 
Director, 


connections 
SoOcIETY 
Section, 
1931 

He has also 


Cleveland 


Committee on Awards, 


In February 1953, he received a citation 
from Case Institute of Technology for 
“having distinguished the 
himself through outstanding achievement 


college and 


in his chosen field.”’ 


Society Activities and Related Events 


First Vice-President Elect 


J. HUMBERSTONE 


Humberstone, Vice-President of 
Air Reduction Co., Ine., 

Toledo, Ohio, Oct. 25, 1909 
ated from Ohio State University with the 
degree of Bachelor of Metallurgical E:ngi- 
neering in 1931. 


was born in 


He gradu- 


After being associated 
with the General Electric Co. for several 
years as an Electrode Development Engi- 
neer, he transferred to the Arcrods Corp. 
at the time of its formation. Upon return- 
ing from his wartime assignment as a Re- 
search Supervisor of the War Metallurgy 
Committee, Mr. 
Director of Research and Welding Engi- 
neering for the Arcrods Corp. in which 
1046 
when he was appointed Vice-President in 
1948) Mr 
a position with 


Humberstone became 


capacity he served until early in 


charge of operations. — In 
Humberstone accepted 
Air Reduction Co., 
Apparatus Production and continued his 
association with the Arcrods Corp. as a 


Inc., as Manager of 


Director, subsequently becoming Presi- 
dent and Iater Chairman of the Board 
which position he continues to hold 
When Air Reduction Co., Inc., embarked 
on a program of decentralization Jan. 1, 
1950, Mr. Humberstone became President 
of the Airco Equipment Manufacturing 


Division and continued in that capacity 
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Put your confidence in 


High quality European 
welding electrodes 


Out of our wide range, you will find the Citing 


electrode meeting any particular requirements you may have: 


Our research staff will develop for you any special electrode required by 


any unusual job. — Quick results and delivery. 


PRINCIPAL ADVANTAGES 
offered by extruded OMG ATC 


electrodes: 


EASY A.C. WELDING 

—PSMOOTH BEAD APPEARANCE 
—PHIGH DEPOSITION RATE 
—PHIGH QUALITY WELD METAL 
EXCENTRICITY 


Belgium: Soudométal 8. Ay) Chaussée de 
Maly: ‘Siderotermica Piazza Martelli 3-5, Mila 
& 
/ 


How do you suppose you'll celebrate your 


eightieth birthday ? 


By heading a vast industrial organization 


serving many thousands of firms throughout a 


continent? 


By sailing close to 3,000 miles to celebrate 
with your son... and, incidentally to attend a 


Welding Congress? 


By stimulating, in word and action, the 
constant advancement of your industry 


and those allied with it? 


If ever a man was “eighty years young,”’ that 
man is J. P. H. Wasserman whose visit to us this 


month represents all this... and much more. 


With pardonable pride, therefore, we take 
this space to bid him “Welcome To The United 
States” and to publicly acknowledge and pro- 
claim the affection and respect he has so securely 


captured from all who know him. 


ongratulations Mr asserman 
¥ 
| inventor oO Low Tem erature eldin All 
Vv re W oys 
2 


tK 


INVENTED 

OY | 

EUTECTIC”’ in New York. Eutectic Weld- different pro ucts, Gevelc ped by 

WELDING ALLOYS CORPORATION 
172nd STREET AND NORTHERN. BOULEVARD, FLUSHING 58, NEW YORK 


until late in 1941 when he was elected to 
the office of Vice-President of the Corpora- 
tion. Mr. Humberstone has been a mem- 
ber of the Socipry for many vears, serving 
on various technical committees and 
holding such offices as District Vice-Presi- 
dent and Director-at-Large. He is prob- 
ably best known for his activities as a 
member and Chairman of the AWS-ASTM 
Filler Metal Committee. He is the author 
of many technical papers on metal are 
welding electrodes and holds several pat- 
ents on coating formulas and production 
methods in that field 


Second Vice-President Elect 
j. J. CHYLE 


John J. Chyle is a graduate in Chemical 
Engineering from the University of Wis- 
After working for one year 
Milwaukee, he 


consin, 1024, 
at Smith Steel Foundry 


joined the A. O. Smith Corp. as a chemist 
in the Production Laboratory. In 1926 
he was named head of Welding Electrode 
Research at A. O. Smith, and in 1936 he 
was appointed Director of Welding Re- 
search. 

Mr. Chyle has invented and patented a 


number of welding electrodes and welding 
processes. The first extruded, all-position 
type of electrode was developed by him in 
1927. 
cellulosic titanium dioxide type, which is 
now classified as the E-6010 type 


This original electrode was of the 


Special alloy electrodes for the welding 
of high-strength alloy steels were also 
developed by Mr. Chyle and used exten- 
sively during World War II on aireraft 
airflasks and 
originated 


landing gears, torpedo 
Welding 
under his direction, which included those 
for the welding of low-alloy high-tensile 


bombs. processes 


steels. 

Mr. Chyle also directed the develop- 
ment of the welding procedure for the 11- 
and 22-ton demolition bombs which were 
developed during the last war. 

During the war Mr. Chyle was a mem- 
ber of the Subcommittee on Welding of 
Armor. 
essential to the production of the atomic 


He also participated in the work 


bomb, which was part of the Manhattan 
District Project. 

Mr. Chyle is active in technical com- 
mittees and in Technical Societies, includ- 
ing the AmeRICAN WELDING Sociery, 
American Society for Metals, American 
Society for Testing Metals and the Ameri- 
can Society of Mechanical Engineers. He 
has held the office of Chairman of the 
Milwaukee Section of the AMERICAN 
WELDING Sociery. 

Mr. Chyle also served on many other 
committees, such as the Chairman of the 
Automotive Committee, a member of 
the Technical Activities Committee of the 
AMERICAN WELDING Sociery, plus many 
other committees of the American Wexp- 
ING Society, and he also assisted in the 
preparation of many chapters of the 1950 
edition of the Wretpinc Hanpsook. He 
was selected as the 1951 Adams Lecturer. 


Treasurer Elect 
RUSSELL 8S. DONALD 


Russell 8S. Donald has been elected for a 
third term of three years as Treasurer of 
the Socrery. Mr. Donald was born on 
Feb. 6, 1891. 
career as a tool maker and designer. He 


He started his business 


has been connected with the welding 
industry for nearly 45 years. He joined 
the Thompson Electric Welder Co. in 1909 
and acted as representative in the New 
York District until 1951. He was Presi- 
dent of the Conlon Manufacturing Co., 
Bridgeport, Conn., from 1933 to 1952 

In 1933, he organized the Eleetroloy Co 
for the manufacture and supply of resist- 
ance welding electrodes. He sold his 
interest in that company in 1948. Mr. 
Donald is also affiliated with several other 
enterprises. Very recently he helped 
organize and is now General Manager of 
the Synchro Electronic Corp. of Bridge- 
port. 

Mr. Donald has been active in the 
AMERICAN WELDING SocietTy since the 
early days. He served as a member of the 
Technical Committee interested in resist- 
ance welding and has been a member of the 
National Program Committee. He has 
also served on the Board of Trustees and 
the Finance Committee. He is now serv- 
ing as Treasurer, which position he has 
held for the past six years. 
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lated tubing. 


POSITION AVAILABLE 
SPECIALTY TUBE MILL 
TECHNICAL EXECUTIVE 


Manufacture of Nickel-lron, Titanium, Zirconium and re- 
Position requires thorough knowledge 
of production technique and product application. 
Successful candidate will participate in management 
responsibilities with unlimited opportunity in a rela- 
tively small organization. 
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on welding 


Nickel, High-Nickel Alloys 
and Cast Iron 


T-33, “Resistance Welding of Nickel and 
High-Nickel Alloys” 

T-33 covers design and equipment considerations, weld- 
ing procedures (both for similar and dissimilar metals ), 
checks for defects and tests for spot, seam, projection 
and flash welding. It also covers resistance brazing. It 
gives tables on chemical analysis and mechanical and 
physical properties, and recommended conditions for 
welding. Illustrated with diagrams and photographs. 


FUSION WELDING 
of 
WICBEL 
MICHEL ALLOYS 


T-2, ‘Fusion Welding of Nickel and 

High-Nickel Alloys’ 

T-2 covers surface preparation, joint designs, jigs and 
clamps, electrodes, current, pre-heating, flux and welding 
procedures for metal arc and gas arc welding. It dis- 
cusses overlays on cast iron and joining of dissimilar 
metals; and the preparation, application and testing 
of linings. It contains tables of chemical analysis, me- 
chanical and physical properties and electrode require- 
ments. Illustrated with diagrams and photographs, 


T-34, ‘Brazing and Soldering Nickel and 
High-Nickel Alloys” 


T-34 covers design, surface preparation, fluxes, heating 


methods, post brazing treatment and inspection for silver 
and copper brazing. Also contains tables on properties 
and formulae and a section on soft soldering. Latest data 
on methods and materials used in brazing for high tem- 
perature service, illustrated with photographs and dia- 


grams of joint and edge reinforcement design. 


When it’s a question of welding cast iron... 


Inco’s latest folder on Ni-Rod “55”® gives helpful tips on making sound, machin- 
able welds in cast iron, Ductile Iron, Ni-Resist®, special alloy irons, and joining 
cast iron to other metals. Write today for this folder and any others you need. 


Discuss your welding problems with Inco’s welding engineers at the National 
Vetal Exposition, October 19.23. (Booth 332, Public Auditorium, Cleveland, Ohio) 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 
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@ COPPER @ INVENTORY 


@TIME, @ MAINTENANCE 
ELECTRODE COSTS 


* Trade Mark 


q SPOT WELDING 
ELECTRODES 


The new WW Kaptrode Electrode is 
a small cap type electrode which fits 


into a semi-permanent Kaptrode 

Adapter Shank. This in turn fits into 

any standard Morse taper type holder 

: of appropriate taper size. The entire 

i assembly makes a highly efficient water- 

tight and electrically-efficient unit. 

@ COPPER SAVINGS 75% and more 
with widespread, careful use. 

@ ELECTRODE COST SAVINGS— 
20% and up in ordinary shop opera- 
tions; careful operators save as high 


as 50% 

@ INVENTORY SAVINGS— 30% and 
up; only small supply of shanks needed; 
clectrodes are interchangeable; one 
shank with proper care should outlast 
ten or more. 


@ TIME SAVINGS—Kaptrodes quickly, 


easily inserted and removed 


@ MAINTENANCE SAVINGS~—-in 
majority of cases, the Adapter Shank 
may be left permanently in the 
holder, saving maintenance and 

changeover time. 


; For the toughest electrode-consuming 
job in your plant, 
order a supply of 
WW-Kaptrode 
Electrodes NOW! 
22803A 
WEIGER-WEED & CO, Division of Fanstee! Metallurgical 


Corp 11644 Cloverdale Avenue Detroit 4, Michigan 
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Directors at Large 
J. W. MORTIMER 


John W. Mortimer was born a: Phila- 
delphia, Pa., Oet. 12, 1912.) He graduated 
from Pennsylvania State College in 1935 
with the degree of Bachelor of Science in 
Mechanical Engineering. 

He joined the M. W. Kellogg Co. in 
Jersey City after graduation and was 
active in nondestructive testing, high- 
pressure design, automatic welding and 
maintenance work. In 1941, he became 
connected with the Union Carbide and 
Carbon Corp. as Welding Consultant snd 
Inspector, which involved travelins: over 
the eastern seaboard 

In 1943, Mr. Mortimer associated him- 
self with the Whitlock Manufacturing 
Co., Hartford, Conn. His work at Whit- 
lock involves Welding Engineering. (‘hiet 
Inspectorship, the Metallurgical ‘parte 
ment and research in production methods 

Mr. Mortimer is a registere' ad pro 
fessional engineer in the State of Con- 
necticut. He is a charter r ember and 
served as First Chairman | 
the Hartford Section of the AMERICAN 
Sociery. Ele has also served as 


two terms ot 


Secretary and Program Chairman and for 
the pust three vears has served as Tech- 
nieal Chairman Mr. Mortimer also 
served on Subcommittee VI for Copper 
and Copper Alloy Filler Metal  AWs- 
ASTM Committee, Subcommittee 11 for 
Procedure Control Insert-Gas Metal Are 
and Atomie Hydrogen Welding Mr 
Mortimer has written technical papers and 
talked at three national conventions: 
Welding Philadelphia, 1948; 
Aluminum Welding Chicago, 1950; and 
Detroit, 1951 
In addition, he has given welding talks 


Copper 
Welding Heat Exchangers 


before engineering groups and WELDING 
Society Sections. He holds membership 
in the AMERICAN WELDING Socirry, Non- 
Destructive Testing Society and Hartford 


Enginseer Club, 


Society Activities and Related Events 


SANDER 


Clarence P. Sander is General Super- 
intendent, Vernon Plant of Consolidated 
Western Steel Division of United States 
Steel Co. at Los Angeles, Calif 

He is a graduate of Wilson’s College, 
Seattle, Wash., with postgraduate work in 
engineering at the University of Washing- 
ton and USC. 

Mr. Sander has been a member of AWS 
for 20 years, sustaining member since 
1937; past-chairman of the Los Angeles 


Section, AWS; vice-president of 
Western District, AWS. 1946 47: mem- 
ber of Welding Researeh Council, AWS; 


member of American Society of Metals 
and API, besides various social and civic 
clubs. 

His experience covers a broad field in 
welding such as railroad equipment, ship- 
building, pipe line, boilers, penstocks, pres 
sure vessels, steel structures and various 


other welded products 


HAL SAVAGE 


Hal Savage was born in’ Hartford, 
Conn., July 20, 1912 
Fresno, Calif., and graduated from Fresno 
After high school 
he aitended the University of Southern 


He was raised in 
liigh School in 1931 


California and the University of California 
in Berkeley. 

Mr. Savage spent a few years in the 
mining business in Prescott, Ariz... and 
during the month of June 1940, first 
entered the Nding business as manager 
of Welder = Suoply Co. in Los Angeles 
In March «f 1941, he started as sole 
proprietor of Arizona Welding Equipment 
Co. in Phoenix, Ariz. This business has 
been in continuous operation since that 
time. In addition to being president of 
the Arizona Welding Equipment Co., he 
is president of Savage Iadustries, Ine., 
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ZIRTUNG 


ORDINARY 312" TUNGSTEN 
ELECTRODE AFTER 
4 HOURS OPERATION. 


iff 


32" ZIRTUNG ELECTRODE 
AFTER 4 HOURS 
ON SAME JOB. 


ZIRTUNG Far outlasts ordinary 
STANDS OUT 
BECAUSE IT tungsten electrodes! 


The photo tells the story! The ordinary tungsten rod 
“oi lost 2 inches in four hours. But ZIRTUNG, on the 
same job in the same time, lost only % an inch! 


An exclusive Sylvania Development 
This time-saving, money-saving rod is an amazingly 
improved tungsten-zirconium alloy, developed exclu- 
sively by Sylvania for inert gas electric arc welding. 
Operates in the same current ranges as thoriated tung- 
stén. And it contains no radio-active material. 


. " You'll find Zirtung great for mild steels, aluminum 
Why Zirtung Saves Time and Money and magnesium. So order Zirtung today! Your nearest 
Sylvania Welding Distributor is the man to call. He 
also handles Sylvania pure tungsten and thoriated 
tungsten electrodes. For further information address: 
Sylvania Electric Products Inc., Dept. 3T- 1909, 1740 
Broadway, New York 19, N. Y. 


1. Greatly reduced 
electrode consumption. 


Far less contamination 
from material being welded. 


2 
Self cleans contamination 
4. 


without loss of electrode. 
Greater arc stability. 


LIGHTING RADIO - ELECTRONICS TELEVISION 


In Canada Sylvania Electr Canada) Ltd 


University Tower Bidg St Catherine $t., Montreal, P. Q 
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No 145 OUTFIT 


fitted for a complete range of all-pur- 
pose welding and cutting operations as 
heavy as 5” steel. 


No. 145 OUTFIT includes: 


1—No. 4-E-C Hi-Speed Welding Torch. 
1—£a. Nos. 2, 4, 6, 8 and 10 “E” Style 
Elbow Tips. 


1—C-4 Hi-Speed Cutting Attachment. 


1—C-2 Cutting Tip. 
1—No. 134-BE Ox Regulator, 200 
Ib. and 3000 Ib. gauges. 


1—No. 134-AD Acetylene Regulator, 60 
Ib. and 500 Ib. gauges. 


1—Commercial to P.0.L. Adaptor. 
1—12' ft. length 4” Siamese Hose. 
4 Hose Connections. 

1—Outfit Wrench. 

1—Round File Gas Lighter. 

1—Pr. Series 66-19-46 Welding Goggles. 


THERE IS A DOCKSON DISTRIBUTOR 
NEAR YOU — Let us send you his 
name and our catalog of Welding 
and Cutting Equipment, a complete 
line “BUILT FOR BETTER SERVICE”. 


DOCKSON’S 


| 


| 


Soctely Activities and Related Events 


Hal Savage 


AWECO and 
Savage 
Ariz. 

trolling interest of all of the previously 


Supply Co. in’ Tueson, 


Manufacturing Co. in Phoenix, 
Savage Industries, Ine., has con- 
mentioned three companies, in addition 
to the controlling interest in Arrow Steel 
Co., a steel fabrication concern 

Mr. Savage helped organize the Arizona 
Section of AWS and served as a program 
chairman off and on for a period of three 
or four years. He also contributed ma- 
terially to the organization of the Tucson 


Section of AWS 


RAY L. TOWNSEND 


Ray L. Townsend was born in Wichita, 
Kan., in 1912. Hle graduated from the 
Wichita High Sehool Kast in 19290. Mr. 
Townsend's early business experience was 
with machinery and equipment firms that 


specialized in welding. He was employed 


Ray Townsend 


first in an office capacity and later on in 
He observed the 
better electric welding cable connections 


sales work. need lol 


and founded the Tweceo Products Co. in 
1937 in partnership with his wife, Mildred 
This business grew steadily and ts now in 
its 17th vear, employing 45 people in two 
The main 
located in Wichita 

Harper, 

manufactures a complete line of welding 


plants office and plant is 
Kan., and the branch 
plant in Kan. This company 
cable tools and cable connections designed 
especially for the welding industry and 
these products are widely distributed all 
over the U.S. 


foreign countries. 


and Canada and in many 


Mr. Townsend is a Charter Member of 
the Wichita AMERICAN 
WELDING Society; 
the Wichita Section of the AWS 
District District No. 6; 
has just served as National Membership 


Section of the 
Is past-president ol 
pust 
Vice-President, 


Chairman of AWS during past member- 
ship vear; and has just been elected as a 
Director at Large of AWS. 

Mr. Townsend is an active Kiwanian 
member of the National Assn. of Manu- 
facturers, Wichita Chamber of Commerce; 
represents his company as an Associate 
Member of the National Welding Supply 
Assn 

He is also an active churchman, having 
just completed a two-year term of office 
as Church Corporation President and 
Chairman of the Board of Trustees of the 
Plymouth Congregational Church — of 
Wichita, Kan. 

Mr. Townsend edits his company’s 
monthly T'wecoletter which has wide dis- 
tribution to welding supply people all over 
the country. 


Vice-President—District No. |! 


CLARENCE E. JACKSON 


Clarence kK, Jackson was born in Grace- 
ville, Minn. In 1927, he received a B.A. 


Clarence Jackson 
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degree trom Carleton College with distin 
tion in physics. He continued graduate 
work at George Washington University at 
W whington DC From 1030 to 1937, he 
Was connected with the ANE tallurgy Divi- 
sion of the National Bureau of Standards 
in W ishington In 1937, he became asso 
elated with the Naval Gun Factory, trans- 
lerring to the Naval Research Laboratory 
in 1038, as Head of the Welding Section 
The Secretary of the Navy awarded him 
the Distinguished Civilian Service Award 
with a citation for outstanding achieve 
ment in the field of welding. In 1946, he 
became associated with the Metals Re- 
search Laboratories, Aur Products 
Co. at Niagara Falls, N. Y., in his present 
position us research metallurgist doing re 
search work in welding and related metal 
lurgical fields 

Mr. Jackson is a frequent contributer to 
THe WevpinG JouRNAL and has published 
over twenty articles dealing with welding 
and allied metallurgical problems He 
ussisted in preparation of the recent edition 
of the Wetping Hanppook. In addition 
to his membership the AMERICAN 
WELDING Soctery, he is also a member ot 
the Americar 
American Institute for Mining and Metal 


Society tor \[Ietals the 


lurgical I ngineers and an overseas mem 
ber of the British Institute of Welding 


He is active on numerous Welding Re 
search Council and Joeal and national 
AMERICAN WELDING Sociery Committees 
He ts past-chairman of both the Washing 
ton, D. ¢ and Niagara Frontier Sections 
of the AmerRICAN WELDING SocteTy 


Vice-President—District No. 3 
ALFRED E. PEARSON 

Alfred FE. Pearson was born in Birming 

ham, Ala., Sept. 8, 1916. He graduated 


Alabama Polytechnic Institute 
(Auburn) in 1941, with a degree in Civil 


engineering Before graduating from 


ilfred E. Pearson 
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Auburn he worked during summer vacu- 
tions as fitter and welder in the shops and 
shipyards of the Ingalls Tron Works Co. at 
sirmingham and Deeatur, Ala.. and after 
graduation was employed as assistant to 
the Welding engineer After several pro- 
motions he was made Chiet Welding 
Engineer for the Ingalls’ organization in 
1947, and has served in that capacity 
since Mr. Pearson has been an active 
member of the Birmingham Section, ha 
ing served two terms as Chairman and is 
presently a Director of the Section. He is 
tmember of the Structural Steel Research 
Committee, the I itigue ol Welded Joints 
Committee and the advisory group on 
Open Web Expanded Beams of the Weld 
ing Research Council. He is also a mem- 
ber of the AWS Committee on Building 
( odes He Is marred and has one son 


Alfred, Jr 


Vice-President—District No. 5 
JEROME WELCH 


Jerome Welch started some expen 
mental resistance welding for Cutler 
Hammer in 1082. This work led to a stud) 
of the Importance ol line voltage regula 
tion, improved timers and also to consider 
ition of low inertia welding heads In 
1934 Mr. Weleh assumed all technical 
responsibility for resistance welding at 
Cutler-Hammer, and in 1935 was assigned 
ill metal joining that was produced above 
800° F. That, of course, included brazing 
ind are we lding is well as resistance weld 
ng 

Since the plant product is Electrical 
Control, much of the welding has been 
nonferrous, such as silver to brass and 
brass to bronze and almost any nonferrous 
combination 

In 1945 his responsibility was increased 
to include process development generally 
and that is the status of Mr. Welch’s work 


at the present time 


Jerome Welch 
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He has served as Director, Viee-Chair- 
man and Chairman of the Milwaukee 
Section, AWS. Mr. Welch is, at present, 
au member of the National Resistance 
Welding Technical Executive Committee 
and as one of the AWS representatives on 
the AIRE Committee for Instrumentation 
for Resistance Welding. In the past he 
has served on several National AWS Tech- 
nical Committees 


Vice-President—District No. 7 


CHARLES M. STYER 


Charles M. Styer was born in Huron, 
8. Dak., Oct. 16, 1893. After completing 
a course in the Huron Business College, he 
attended the South Dakota State College 
and graduated with a degree of Civil 
Engineering in 1917. His business career 
includes the following positions: Civil 
engineer, Chicago & Northwestern Rail- 
way, 1917; Engineer and Foreman, Ames 
Shipbuilding & Dry Dock Co., Seattle, 
1918-20; Engineer and Foreman, Vulean 
Iron Works, Seattle, 1920 22; Superin- 
tendent, Star Iron & Steel Co., Tacoma, 
1922 28; Engineer and Erection Supt., 
Isancson Tron Works, Seattle, 1928-31 
Owner (Engineer and Manager), Steel 
Fabricators, Inc., Seattle, 1932-36; Super- 
intendent and Plant Manager, Pacifie Cat 
& Foundry Co., Seattle, 1936 to present. 

Mr. Styer’s connection with — the 
American Wetping Socrery started in 


C. M. Styer 


1943. He has occupied the following posi 
tions with the Society: 1047 48, Vice- 
Chairman, Puget Sound Section, AWS; 
1948 49, Chairman Puget Sound Section 
AWS: 1949-50, Chairman, Executive 
Committee, Puget Sound Section, AWS; 
1952-53, Member, National Nomination 
Committee, AWS. 

Mr. Stver is a licensed engineer in the 


Your WELDING 


all over the country. 


CHAMPION electrodes might be the prescription that 
answers all your questions. Why not find out ? 


@ Phone or contact your 
CHAMPION sales agent or 
distributor he will be 
glad to diagnose your case. 
Make an appointment today 


Pull up a couch and let's talk about those welding 
problems that you've run into. CHAMPION repre- 
sentatives may have the solution to your difficulties 
And their advice is given free of charge to “patients” 


TROUBLES . . . Perhaps 
We Can Help You 


Society Activitics and Related Events 


CLEVELAND 5, OHIO * EAST CHICAGO, IND. 


State of Washington; a member of the 
Ordnance Advisory Committee on Weld 
ing of Armor: a member of the Seattle 
City Zoning Commission and the Fingi 
neers Club: a life member of the National 
Rifle Assn. and Director and Member of 
its Executive Committee. He married 
Dorothy Lynch in 1918 and has three 
ZTOWN Solis 


District Meeting 


As has been customary for a number o! 
vears, our live wire Mid-Southern Dis- 
trict (District No. 6) held their Annual 
Meeting this Spring. They took the op- 
portunity of timing it just one day in ad- 
vance of our National Spring Meeting in 
Houston, Tex. We think that you will 
learn more about their activity by our 
printing, verbatim, J. KE. Dato’s report 
Mr. Dato is Vice-President of District 
No. 6. 


VWid-Southern AWS Doings 


Section elections are over and [am sure 
that the new officers are well under way 
with plans for the coming year. Mach one 
that attended our District No. 6 meeting 
held June 15, 1953, in the Western Room 
of the Cork Club at the Shamrock Hotel 
was all geared up and ready for action tor 


this next vear 
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only 25¢ Pouna (2 


DON’T BUY HARDSURFACING 
JUST BECAUSE IT’S HIGH PRICED 


HERE'S a notion that a hardsurfacing electrode must be high priced 
to give proper service. This is not true and here’s why: 


By proper combination of alloy materials plus efficient, mass manu- 
facturing, Lincoln hardsurfacing electrodes, costing one third as much 
money, produce equal and more often superior resistance to impact and 
abrasion. 

1. Lincoln "Abrasoweld” sells for 25 cents a pound. This is only about 
one third the cost of other hardsurfacing electrodes. 

2. Lincoln "Faceweld” sells for 60 to 70 cents a pound .. . comparable 
rods cost $2.60 a pound. 

Remember, in spite of these low prices, you still get high alloy content in 
Lincoln hardsurfacing . . . top resistance to impact and abrasion, which 
means low end-of-service cost. So why pay the high prices? 

MAKE YOUR OWN COMPARISON. Try a sample order of “Abrasoweld” 
and “Faceweld”’. Your own jobs will prove that hardsurfacing costs can 
be cut 30 to 50 per cent! 
A Hardsurfacing Exvert is available in every Lincoln 
District Office. Ask for him to help solve your problem. 


SEND FOR NEW LINCOLN HARDSURFACING GUIDE 


Noe Gives latest data on selecting correct hardsurfacing. 
on \ Available by writing on your letterhead to Dept. 1909. 


THE LINCOLN ELECTRIC COMPANY 
CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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LINCOLN’S 
HARDSURFACING 
COST SAVERS 


ONLY TWO RODS yet they solve 
9 out of 10 hardsurfacing jobs 


Lincoln . . a high car- 
bon-chromium alloy for severe impact 


and abrasion. 


Lincoln "Faceweld”. . . has chromium 
carbide crystals for severe abrasion 
and impact. 


Simplify Your Inventory. Why stock a 


wide variety of hardsurfacing elec- 
trodes? Lincoln's unique ‘‘Abrasoweld- 
Faceweld’’ combination is ideal for 9 


and 


saves money on every job, as for example: 


out of 10 hardsurfacing jobs... 


4 
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James Earthman —Houston discussed and these included joint meet- 
George G. Demecs — Kansas City 
Dean E. Broderson Kansas City AWS), nontechnical meetings including 
W. A. Thompson-— Dallas films, and educational programs. As to 


Larry DeZevala Houston 
Grover Mathews, Jr. Houston 
H. Wehner, Jr. -Houston 
A. G. Hedstrom — Kansas City 
Joe bk. Townsend — Wichita Milton Elliott — Dallas 
Don G. Morgan — Wichita Floyd Silvers —Tulsa 

Ben Allen Houston L.. H. Courtright —Houston 


ings, ladies’ night (with an explanation of 


the nontechnical aspects of our meetings, 
social hours and identification of members 
were covered as important aspects of fel- 
Roy Pringle — Houston lowship. Also in the vein of nontechnical 
Bill Greer —Houston We had 31 in registered attendance. 
W. W. Littlefield Oklahoma City 
James N. Thompson —Oklahoma City 
W. D. Hooper — Denver 

H. Jackson Denver 

H. 1. Cogswell Houston 

J. Mooney ~AWS Headquarters 
Jack Fox Louis 


things, everyone seemed to be interested 
Very worth-while contributions were made in « film that was shown at one of the 
to our meeting by S. A. Greenberg, B. E. Kansas City section meetings entitled 
Rossi and F. J. Mooney. We had other Love Life of a Prairie Chicken.” I 
think this is an indieation of just how far 
we can go in stimulating interest in our 


distinguished guests in the persons of F. L. 
Plummer, National President, J. G. Ma- 
grath, National Secretary, and Ray Town- AWS meetings on subjects that are not 


send, Director and past National Mem- necessarily related to welding. 


Mel Lischer St. Louis 

B. Rossi AWS Headquarters 
S.A. Greenberg AWS Headquarters 
Frank Singleton Kansas City 
Herbert B. Klodt — Denver 

Herman Geller — Denver 

A. Bussard— Wichita 

Clarence Jackson Niagara Falls 


bership Chairman, Clarence Jackson of 
Niagara Falls, the Vice-President Elect 
in District No. 1, attended our meeting 
and it was a pleasure to have him 

A number of excellent reports were made 
by the various sections on their last year’s 
activities and we feel that plans for the 
new year will meet with even greater suc- 
cess. A number of ideas on meetings were 


We are indeed indebted to the Houston 
Section for the fine job of arranging the 
details for our District No, 6 meeting and 
I know that everyone is looking forward 
to the meeting for next year. The Denver 
Section which has been a most gracious 
host in the past offered their hospitality 
for our next vear’s meeting and this was 
unanimously accepted. 


Advertising Rates 


WELDING CONNECTORS 


The Welding Journal 
Soxe Welding Connection Units position 


and secure structural parts to be welded. 


Effective March 1, 1953 1 time 3 times 6 times 12 times 


$255.00 $235.00 $220.00 $200.00 
Two-thirds Page........... 180.00 165.00 155.00 145.00 
tion. Half Page ° 130.00 120.00 110.00 

One-third Page........... 95.00 90.00 


These widely used units eliminate all hole punching, and, with 75.00 70.00 
55.00 48.00 


welding, produce the most economical, safe, and quickly erected ' 7 42.00 38.00 


Special Preferred Position: 
(Full Page) 225.00 


COVERS (12-time contracts) 


2nd Cover 
3rd Cover 


Clip K3A permits an adjustable connec- 


structural frame. 
Write for 1951 edition, Structural Welding Practice Manvol 
J. H. WILLIAMS & CO. 
Buffalo 7, N. Y. 


AIR REDUCTION CANADA, LTD. 


Montreal 2, Canade 
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THE 
SYMBOL 
A 


OF 
QUALITY 


yess? 4 


axe 


“Chemically 
Processed” 
Microspooled 
“Quality 
Controtied” 
N Wire 
for 
a Ali makes of 
oO Inert Gas 
Cc Welding 
E Epuipment 
S will 
provide 
D proper wire feed and quality welds 
ALSO 
W WELDBEST C d 
| overe 
R Electrodes 
E WELD COIL Submerged 
Arc Wire 
F WELDWIRE Gas Welding 
Rods 
WELDSPRAY METALLIZING 
Wire 
for 


STAINLESS 
ALLOY STEELS 
ALUMINUM 


NON FERROUS 
ALLOYS 


BRONZES 
Prompt Service on Stand- 
ard or Specially Engi- 


neered products for your 
particuiar application 


Ask for your nearest 


WELDWIRE DISTRIBUTOR 


QOZ-orme 


am a 


can say this without getting killed, as I 
Ihe 


food at the San Jacinto Inn was something 


that 
brought up, and we have hopes of seeing 


One other interesting point Was 


native.) entertainment and 


additional activity in this direction for the 
that everyone is still talking about, and 


Buffalo has a terrific job 


coming year, 1s that of building new see 


tions and subsections or divisions wherever on their hands to 


the activity does not warrant a full section equal what was done in Houston 
operating on its own There was consid- J. ki. Dato 

erable interest in this as there are a num- Vice President. District #6 A.W.S 
ber of points that could be handled on 

such a basis and these were discussed with Netherlands’ W elding 

each group that has a possibility for new Symposium 

sections Wi hope to have more to re- . 

port in this vein in our next Mid-Southern Phe Netherlands’ Welding Society is 


holding a Welding Symposium on ‘Welded 
14 15, 1953, 


AWS Doings letter 


The next four day in 


s were covered by as Construction” Oct and 


fine technical sessions and general group Utrecht, Holland The first section will 
of exhibits as vou would ever want to see be devoted to the welding of steel strue- 
Those of you who were there know what tures, papers being given by A. Kranen- 
I mean and those of vou who were not will donk of Batavian Petroleum Co. and J. G 
simply have to take the words of the rest Gaillard of the Holland Construction 
of us for a job well done National Head Works Weights and costs will be com 
qu irters, the Hlouston Section and AWS in pare d tor trusses pl ite girders, columns, 
gene ral can hold their heads high for the ind frames The second section, on 
excellent first that was established in Shipbuilding will be addressed by 
Houston from June 16th to 19th. Along Gi, SellMeijer of the Gideon Shipbuilding 
with the verv fine exhibits and technical Co. The third seetion on welding of 
sessions, we had excellent outside enter chemical plant will be addressed by G. E, 
tuinment I am sure that evervone will Tummers of the Federal Mines and Prof 


Delft Technical Col 


Boon of the 


Mild steel and stainless steel will 


remember the ride down the ship channel 


lege 


and the visit to the San Jacinto Monu- 

ment and the Battleship Texas. By the be discussed along with piping, cladding, 
way, we found out where they store all and welded distillation towers, The final 
the cool air in Texas in the month of section is on designing welded joints to be 
June It is some 500 ft up and you could iddressed by members of the staff of 


Delft Technical College 


really tell it from on top the monument 


Convert the total fluxed portion 

of all electrodes into weld metal 

—REDUCE STUB WASTE TO THE 
LOWEST POSSIBLE 


TWO SIZES FILL ALL NEEDS 
1 Length wrt Cap | 
No. 4 17 
No. ¢ 10 24 600 


WELDWIRE COMPANY. INC. 


N. W. Cor. Emerald & Hagert Sts. 
Philadelphia 25, Pa. 
Phone: GArfield 3-1232 
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Tentative Program 
AWS National Fall Meeting 


Hotel Cleveland —Cleveland. Ohio. Week of Oct. 19, 1953 


MONDAY MORNING, OCTOBER 19th—9:30 A.M. 


(-rand Ballroom 


A PRIZE AWARDS AND ADAMS LECTURE 
Chairman fF. L. PLUMMER, Presi- 


dent, American WELDING Society 
Co-Chairman Hl. ¢ BOARDMAN, 
Chairman, National Program Committee 
President's Address by F. L. Planimer 


Adams Lecture 
Aspects of Welding Research in British 
Merchant Shipbuilding 
by R. BO SHEPARD, The Shipbuilding 


Conference 
MONDAY AFTERNOON, OCTOBER 19th—2:00 P.M. 


Two Simultaneous Sessions 


B GOLGING AND CUTTING 


Ballroom 


RICHARD L. DETLY, Air 


Reduction Sales Co 


Chairman 


Co-Chairman 
Air Products Co 
* Arcair Process 
MYRON STEPATIHE, 
la 
2. Shielded Metal-Are Cutting and 
(,rooving 
by HELMET 
AAS 
Corp 
Advanced Automatic Flame Cut- 
ting for Machinery Weldments 
by HOWARD BO CARY. Marion 


Power Shovel ¢ ” 
$:30 PLM. 
EDUCATIONAL LECTURE SERIES 
Empire Roo 


Chairman PROF. Lo WAGNER 
University of Michigan 


Arcair 


PHIELSCHE and J. 
eutectic Welding Alloys 


Scientific Basis of Welding 
by DR. Massachusetts 
Institute of Technolog, 


BABCOCK, Linde 


(RESISTANCE WELDING 
Red Room 


Chairman KR. k. POWELL. Western 
klectric Co 


Co-Chairman 
bold Engineering Sales Co. 


Radiography of Spot Welds 

by ROBERT MeMASTER, Bat- 
telle Memorial Institute 

Resistance Welding in Jet Engine 
Manufacturing 

by FRANK J. WALLACE, Pratt and 
Whitney Aireraft Div. of UAC 

A Study of the Cooling Rates in 
Flash Welds in Steel 

by ERNEST FL NIPPES WARREN 
SAVAGE and GORDON 
GROTKE, Rensselaer Polytechnic 
Institute 

Some Applications of High-Speed 
Motion Picture Photography to 
Resistance Welding 

by LS. GOODMAN, Westinghouse 
Electric Corp 


VONDAY EVENING, OCTOBER 19th 


6400 P. President's Recept ion—Grand Ballroom 


National Officers Dinner—tmpire Room 


TUESDAY MORNING, OCTOBER 20th—9:30 A.M. 


Three Simultaneous Sessions 


A STAINLESS STEEL 
(rand Ballroom 
DAVIS, Atomic 
Energy Commission 
Co-Chairman —V. N. KARIVOBORK, The 
International Nickel Co 
I. Control of Cracking in Type 347 
Welds 
by KR. D. THOMAS, and LORIN 
kK. POOLE, Areos Corp 
Factors Which Influence Weld Hot 
Cracking 
W. KR. APBLETT and W. PEL- 
LINI, Naval Research Laboratory 
Silver Brazing Alloys for Corro- 
sion-Resistant Joints in Stain- 
less Steels 
by GEORGE HL. SISTARE, Handy & 
Harman, L. GRENELL, Gen- 
eral Motors, and JOHN J. HAL- 
BIG, Armeo Steel Corp. 
Submerged Are Welding of Chro- 
mium Bearing Steels 
by CLARENCE BE. JACKSON and 
ARTHUR SHIRE BSALL, Union 
Carbide & Carbon Laboratories 


Chairman 


B TITANIUM 
Empire Room 


Chairman Ro. HENSEL, POR. 
Mallory & Co. 


Co-Chairman G. GRABLE, 
Memorial Institute 


Battelle 


1. Tension, Shear and Impact 
Strengths of Spot-Welded Ti- 
tanium Joints 

by MOL. BEGEMAN, BLOCK, 
JR. and FRANK W. MeBEE, 
University of Texas 

Fusion Welding Commercially 
Pure Titanium 

by FRANCIS STEVENSON, 
Aerojet General Corp 

Alloy Filler Metals in Commer- 
cially Pure Titanium 

by CARL FE. HARTBOWER, Water- 


town Arsenal Laboratory 


JOIN DIEBOLD, Die-- 


Welding and Cutting Exhibits 
and Demonstrations 


NATIONAL METALS EXPOSEPION 


Public Auditorium 


Cleveland, Ohio 


HOURS OF THE EXPOSTTION 


Monday, Tuesday and Wednesday 
October 19th, 20th and 21st 
12 Noon to 10:30 PLM. 


Phursday and Friday 
October 22nd and 23rd 


10:00 A.M. to 6:00 PM 


Admission by special invitation or 
by AWS) registration badge 
membership card of any participat 
ing society 


BE SURE TO VISET THE 
EXPOSTTION 


kveryone interested welding 
should visit) the 35th National 
Metals Exposition at The Public 
Auditorium There will be hun 
dreds of displays. many featuring 
welding and the allied processes and 
others featuring metals, processes 
and metal-working equipment. “The 
position is Sponsored by the 
American Welding Society. Ameri 
can Society for Metals, the Metal. 
Branch of AIMEE, and the Society 
for Non-Destructive Testing 


SPRUCTURAL 
Red Room 


Chairman BRECK JOHNSTON 
University of Michigan 


Co-Chairman ROSS YARROW, Con 
solidated Iron & Steel Co 


Further Studies of Welded Corner 
Connections 

by A. A. TOPRAC. The University of 
Texas. and LINN S. PEEDLE 
Lehigh University 

Weldability of Structural Steel 
Discussed from the View point o1 
Federal Agencies 

by KE. L. ERICKSON, Chief, Bridge 
Branch, Bureau of Public Roads 

Development of Welded Bridge 
Construction 

by N. W. MORGAN, Principal High 
way Bridge Engineer, Bureau o! 
Public Roads 

Recent Applications of Welded 
Design to Industrial Building 
Framings 

by A. AMIRIKIAN and EL G 
ODLEY., Bureau of Yards and 
Docks. Navy Department 


af 
2. 
ap 
3. 
1. 
= 
— 
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TUESDAY AFTERNOON, OCTOBER 20th 2:00 P.M. 


Parlor 28 


Iwo Simultaneous Sessions 


ALUMINUM AND AIRCRAFT 


(-rand Ballroom 


Chairman s 


GREEN. Ohio State Chairman SOMERS. Bethlehe: 
University steel 
Co-Chairman CHARLES BRE NO Co-Chairman J. ROBERT HENRY 
Revnolds Metals. (x Cleveland Diesel Div... G. 
Plant Visits 
1. Soldering of Aluminum l. Effects of Peening Lost Pass of 
by JAMES D. DOWD, Aluminurn Welds Mon visiting Cleveland will 
Company of America by Wo os. Pellini: and Wo besch 
2. Fatigue Strength of Welded Butt bacher, Na KK ich Locborators tunity to choos 
Joints in °/.-In. Thiek Alumi- 2. Duetilits Transition Characteris- one to the 
num Alloy Plates tics of Weld Metal ( veland Tank Plant of Cadillac 
by CL MANN, MARSHALI by FARL ESCHBACHIER and I) GMC. and the 
HOLT and EATON, Abumi PELLINE. Naval Researeh Labora 
num Company of America tors Euclid Road Machin 
}. Some Considerations on Weld- 3. Further Studies on Weld-‘Meta ‘ 
ability of Aluminum Alloys Microcracking in Mild Steel 
by J. Piasecki Heli by ALE. PLANIGAN, € niversity Phe visit to the Cleveland Tank 
copter Corp California ?? t of tl Cadillac Motor Car 
EDLCATIONAL LECTURE SERIES 1:30 PM. Division requires visitors to have 
American Citizenship and 
Chairman PROM WAGNER Scientific Basis of Welding 
University of Michican by DR. UDIN, Massachisctts The visi } Euclid Road 
WEDNESDAY MORNING, OCTOBER 215t—9:330 A.M. 


WELDABILITY 
Red Room 


Phree Simultaneous Sessions 


WELDABILIDY 


(erand Ballroom 


B TEPANIUM 


Linpire Room 


ODEN VEERTING NATIONAL NOMI- 
NATING COMMITEE 


CONTROLS AND INSPECTION 


Chairman ¢ BIBBER United Chairman COL. Bos. MESTCK. Ord 

States Steel Cx nance Corps Watertown Arsenal Ked Roan 
Co-Chairman Gob. CLALSSEN Co-Chairman WoL. WARNER HALLER 
Union Carbide & Carbon Research Lab Watertown Arsenal niversity of Washington 


I. A Studs of the Weld Heat- (Affected The Jame- 
Army First Pass Groove Weld Zones in Titanium Alloys 
Crack Susceptibility Test by ERNEST NEIPPES, JOHN M anect for Oualit 
by Z. J. FABRY KOWSKI, S. GOOD GERKEN and BERNARD W 
MAN and B. A. SCHENO, Detroit SCHAAR. Rensselaer Polytechnic by LEW GILBERT. Industry anid 
Arsenal Tnstitute Welding. and WILLIAM B.BUNN 
2. Low-Temperature Bend-Test 2. Welding Characteristics of Tita- rhe M. W. Kellogg Co 
Properties of Bead-on-Plate nium and Titanium Alloys gan Aid 
Welds by MARIO L. OCHTEANO, Lock the Cen of 
by Lo AJ MAT THEE heed Aircraft Corp 
SEN and N. MM. NEW MARK. € ni 3. Study of the Effects of Alloying 


versity of THlinois 
3. Fatigue Properties of Weld Metal 
by L. AW HARRIS, ROB. MAT THIE 
SEN and ME NEWMARK 


University of 


Elements on the Weldability of 
litanium Sheet 

by DR. W. ROSTORER 
H. MEYER 


Foundation 


and DK 
Armour Research 


by LLOYDS. OVE. Magnatlux Corp 

3. Tolerances on Fillet Welds 
by JOHN MIRKUELAK, and MERLI 
DILLMAN. Worthington Corp 


WEDNESDAY AFTERNOON, OCTOBER 215t—2:00 P.M. 


Grand Ballroom 


Three Simultaneous Sessions 


RESEARCH 
Red Room 


I LDLOCATION 


hinpire Room 


Chairman —A. J. ERLACHIER, United Chairman G. kk. DOAN. hoppers Ce Chairman Prof ROA. WYANT, Rens 
engineers & Constructors, Ine elaer Polytechnic Dostitute 
RANK FLOCKE, The Co-Chairman PROF. M. 
Co-Chairman N. JESSEN. Bab Phornton Co MAN ty oft 
cock Wileox ive 
1. Welding Metallurgy of Nodular hi 
l. Further Studies of the Are Weld- Cast iron eaching ‘nyineering unda- 
ing of Low-Chromium Molyb- by EDWARD E HUCKE and mentals DEAN S.C. HOLLIS 
denum Steel Pipe PROF. UDIN, Massachusetts 
by J. BLAND, Standard Co. (Ind Inetitute of ‘Technolory Discussion DEAN W. 
2. Superheaters for 11007 to 15007 2. The Effect of Low-Temperature 
Test Installation Stress Relieving on Stress-Cor- tL niversitv: PROF. ROS. GREE 
by BELA RONAY and W. bE. CLAL rosion Cracking of Mild Steel ; Ohio State University : 
U.S. Naval Engineering Ex by MeKINSEY, Union Carbide 2. Peaching Welding Design DI 
periment Station and Carbon Research Laboratories I. P. VIDOSIC, Georgia Tech 
3. Carbide Segregation in 1 Cr 3. Transformation of Ce-Mo Steels 
by W. R. APBLETT, JR., R. P EDLCATIONAL LECTURE SERIES 
W. Kellogg Co Naval Research Lak Chairman PROF. L. WAGNER 
2:00 P.M. 1. Multiple Contact Resistance niversity of Michigan 


Rose Room 


Section Officers Meeting 


by W. KOLWENHOVEN 
DONALD HAGNER 
Johns Hopkins niversits 


and 
The 


Scientific Basis of Welding 
by DR. DIN, Massachusett- 
Institute of 


hnology 


WEDNESDAY EVENING, 
OCTOBER 21st 


7:00 P.M. 


Rose Room 


Section Officers Dinner 


WRC University Dinner6:30P.\. 


Parlors 29 and 31 
8:00 P.M. Conference 


Parlors 34 and 36 


THURSDAY MORNING, OCTOBER 22nd—9:30 A.M. 


4 PRESSURE VESSELS AND 
RESEARCH 


(rand Ballroom 


Chairman 1. ARMSTRONG, The 
International Nickel Co., Ine. 


Co-Chairman J. LARSON, Allis- 
Chalmers Manufacturing Co. 


Plastic Fatigue Strength of Pres- 
sure Vessel Steels 

by ROBERT D. STOUT, JOHN H. 
GROSS and D. GUCER, Lehigh 
niversity 

A Qualitative Study of Residual 
Stresses in Welds by Photo- 
elasticity 

by DR. MELVIN MARK, Raytheon 
Manufacturing Co 

Effect of Nitrogen and Carbon 
Dioxide Atmospheres on Are 
Welding 

by F. W. SOWA, TRUCKEN- 
MILLER and L. bk. WAGNER 
University of Michivan 

t. Biaxial Fatigue Properties of Pres- 

sure-Vessel Steels 

by T. J. DOLAN and C. E. 
MAN, University of Mlinois 


BOW - 


THURSDAY MORNING, 
OCTOBER 22nd 
9:00 A.M. 


Parlors 34 and 36 


1952-53 Board of Directors 


Three Simultaneous Sessions 


B INERT ARC WELDING 
Ked Room 


C. 1. MacGUFFIE, General 
Electric Co. 


Co-Chairman —H. ROCKEFELLER, 
Linde Air Products Co. 


Inert-Gas-Shielded Metal-Are 
Welding of Low-Carbon Steels 

by GEO. C. CHRISTOPHER and 
R. C. BECKER, International 
Harvester Co. 

Characteristics of Consumable- 
Electrode Inert Ares 

by R. W. TUTHILL, General Electric 
Co. 

Effect of Power Supply Character- 
istics on Sigma Welding 

by W. H. HELMBRECHT, and R. 
L. HACKMAN, Linde Air Prod- 
ucts Co. 

Weld Properties of a Carbon-Steel 
Electrode for Use with Inert 
Shields 

by HARRY ©, COOK and GILBERT 
RK. ROTHSCHILD, Air Reduction 


Research Laboratories 


Chairman 


THURSDAY AFTERNOON, 
OCTOBER 22nd 


2:00 P.M. 


Rose Room 


Annual Business Meeting 


3:00 PLM. 
Parlors 34 and 36 


1953-54 Board of Directors 


Chairman 


Co-Chairman 


-AUTOMATIC ARC 
Empire Koom 


C. C. PECK, Cecil C. Peck 


Co. 


L. 5. McPHEE, Whiting 


( ‘orp. 


New Developments in Fluxes for 
Automatic Welding and Hard 
Surfacing 

by L. STRINGHAM, 
Electric Co. 

Multiple Electrode Welding by the 
Unionmelt Process 

by D. E. KNIGHT, Linde Air Prod- 


ucts Co. 


Lincoln 


Twinare Submerged Are Welding 


by THEODORE ASHTON, Lincoln 
Electric Co. 


THURSDAY EVENING, 
OCTOBER 22nd 
7:00 P.M. 


Grand Ballroom 


Annual Dinner 


FRIDAY MORNING, OCTOBER 23rd—9:30 A.M. 


APPLICATIONS 


(rand Ballroom 


Chairman ©. B. HERRICK, C. B. 
Herrick Co. 


Co-Chairman EDWIN) PEDER- 
SON, Air Reduction Sales Co 


New Welding Shop Facilities, 
Methods and Equipment at the 
Whiting Refinery 

by RAY M. KOLB and R. C. 
WHEELER, Standard Oil Co. 
(Ind.) 

Silver and Gold for Brazing Elec- 
tronic Components 

by A. W. SWIFT and R. J. METZ- 
LER, Handy & Harman 


New Results in Tool and Die Weld- 


ing 

by ROBERT GROMAN, Eutec- 
tic Welding Alloys Corp. 

Austenitic Manganese Steel Weld- 
ing Electrodes 

by HOWARD S. AVERY and 
HENRY J. CHAPIN, American 
Brake Shoe Co, 


Three Simultaneous Sessions 


B INERT ARC WELDING 
Red Room 


Chairman KR. VM. WILSON, Interna- 
tional Nickel Co. 


Co-Chairman —A. R. LYTLE, Electro 
Metallurgical Co. 


1. A New Method to Prevent Reetifi- 
cation of Current and High-Fre- 
queney Interference in Inert- 
Gas Are Welding 

by JOHN MURRAY, Lincoln Elee- 
tric Co. 

New Developments in 
Welding of Carbon Steel 

by T. McELRATH, JR., and R. T. 
TELFORD, Linde Air Products 
Co. 

Porosity in the Welding of Carbon 
Steel 

by GLENN W. OYLER and ROB- 
ERT D. STOUT, Lehigh University 


Sigma 


Chairman — FE. 


Co-Chairman 


FIELD-ERECTED STRUCTURES 
Empire Room 


MacCUTCHEON, Bu- 
reau of Ships, U.S. Navy 


L. C. MceNUTT, United 


Engineers & Constructors, Ine. 


Scale Effects in Notch Brittleness 

by YOSHIO AKITA, Transportation 
Technical Research Institute 

Effect of Subcritical Heat Treat- 
ment on the Transition Tem- 
perature of a Snip Plate Steel 

by E. B. EVANS and L. J. KLING- 
LER, Case Institute of Technology 

Erection of the Welded Splayed 
Arch Bridge Over the Rio Blanco 
River in Mexico 

by CAMILO PICCONE, Civil Engi- 
neer, Mexico, D.F., and THOMAS 
C. KAVANAGH, New York U ni- 


versity 


1. 1. 
4 2. 
« 
4. 
4 
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4 2. 
2 
3. 
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ASCE Meeting 
The annual meeting of the American 
Society of Civil Engineers will be held in 


the Statler Hotel, New York City, Oct 


19-23, 1953 


British Machinery and 
Chemical Exhibition 


Visitors from the U 
welcome at the exhibition of British ma- 


will be especially 


chinery and chemical manufacturing in 
dustries to be held in London from Sept. 
3rd to 17th Called the Engineering, 
Marine and Welding Exhibition and the 
Chemical Plant Exhibition, it will cover 
well over a quarter of a million square feet 
of exhibit space in London’s giant Olympia 
Hall, 

When the last exhibition was held two 
years ago (minus the Chemical Section), 
over 500 manufacturers displayed their 
products. The 1953 display is expected to 


be as comprehensive 


Progressive Appointments 


The Viking Division of 
Welder Sales Co., Detroit, Mich., an 
nounces the appointments of Lester J 
Blackford as Sales Manager, and Earl A 


Goveau as Assistant Sales Manager 


Progressive 


Mr. Blackford assumes his new position 


L. J. Blackford 


SEPTEMBER 1953 


Earl 1. Goyeau 


ifter three years as District Sales Manages 
of Welding | quipment and Supply Co. of 
Detroit He will work with the distribu 
tors of Viking a-e and 


gas and spot-welding equipment through 


rectifiers, inert 


out the world 
Mr. Goyeau’s broad experience with 
welding equipment gives him a first-hand 
knowledge of welding problems. He was 
Blackford 


it Welding Equipment and Supply 


previously associated with Mr 


Alloy Rods Co. Builds 
Western Electrode Plant 


I. J. Br idy, president of the Allov Rods 
York, Pu., 


innounced recently that 
construction had started on a new plant 
of the company located in’ El Segundo 


The building site is situated near the 


Los Angeles International Airport, in the 
new industrial area now being developed 
by the Santa Fe Railroad 

The new plant, to be known as the Paci- 
fic Coast Division of the Alloy Rods Co 


News of the Industry 


will produce « complete line of alloy are- 
welding electrodes to serve the entire 
Pacific Coast and Rocky Mountain states 

The plant, which is expected to be in 
full operation by October Ist of this vear, 
will be under the supervision of George M 
Hohmann who is now the production 


manager of the York plant 


NCG Dealer 


Allegheny Welding Supplies, 2215 9th 
Ave., Altoona, Pa., 
dealer for the complete line of National 
Cylinder Gus Co 


has been appointed 
products — industrial 
gases, oxy-acetylene welding and cutting 
apparatus, are welders, electrodes and are- 
welding equipment. The line also includes 


NCG medical 


und oxygen therapy 


equipment tor hospit ils 


National Welding Supply Assn. 


The first of a series of informal luncheon 
meetings that will be held in the Eastern 
Zone of the National Welding Supply 
Assn. was held in Toronto, Canada, on 
June 5th 

Robert G. Jackson, President of Jackson 
Welding Supply Co., Rochester, N.Y 
Vice-President of the NWSA_ Eastern 
Zone presided. Assisting Mr, Jackson in 
completing arrangements for the meeting 
were Ogden ¢ Mills, president, Mills 
Welding Supply, Ine juffalo, N.Y 
und Charles H. W. Cane, Welders Supply 
C'o., Toronto, Canada 

Following 


Messrs 
ind Mill 


uncheon, Jackson 


poke informally outlining the 
various activities and services currently 
being undertaken by the Association 


Particular attention was given to the two 
reports —Types of Insurance Carried by 
ind Methods Used to Reduce 


iid Compensation of Salesmen 


Distributor 
Its Cost, 
that have been deve loped by the Associ 
tion's office as a result of information sup 
plied by distributors from all sections of 
the country In addition, considerable 
interest was expressed the Annual 
Overhead | 


detailed oper iting figure of &5 distribu 


pense Report which contains 


tors of welding supple ind equipment 
The Annual Spring Golf Outing and 
Dinner of NWSA Members in’ Phila 
delphia and vicinity was held at the Read 
ing Country Club, Reading, Pa., on Thurs 
dit June 
Thomas G 


('vlinder Gas Co 


sutler, president, Butler 


Reading, Pa., served as 


SAY 


_ 


New Headquarters 


Better service for its customers is the 
reason the Goodrich Welding Equipment 
Corp. is moving its entire operation from 
Reed City, Mich., to Hudsonville, Mich., 
where a new factory 
pleted 

Since Aug. 4, 1950, the Goodrich factory 
has been at Reed City 
and highway connections, plus the fact 


is now being com- 


But superior rail 


that it is nearer customers and suppliers, 
induced the firm to build the new Hudson- 
ville plant. At the new location, the eom- 
pany will be only 15 miles from Grand 
Rapids on the main line to Chicago 

The Hudsonville have 
IN, S80 sq ft of manufacturing and 2320 
ft of office space, one-sixth more than the 
All the Reed City equip 
ment is being moved, and some new ma- 


factory will 


former plant. 


ehinery added 

The company makes resistance-welding 
equipment, transformers for such work, 
jigs, 
Except 


automatic production machines, 
fixtures and welded fabrications. 
for the transformers, all the products are 


custom made 


ASTM Meeting 


Featured by 34 technical sessions at 
which were presented 131 technical papers 
covering various aspects of engineering 
materials, the 1953 Annual Meeting of the 
American Society for Testing Materials, 
held throughout the week of June 28th at 
Atlantic City, also included 565 meetings 
of the technical committees. The regis- 
tered attendance 2472 
ably with the 1952 Golden Anniversary 
Apparatus 


compares lavor- 


Meeting, including our 10th 
Exhibit figure of 2606 

Seventy-two of the Society's technical 
committees reported at the meeting, with 
the result that 63 new specifications and 
tests were approved and revisions in 185 
existing tentatives and standards were 
acted on. A total of 62 specifications and 
tests that have been published previously 
us tentative were approved for reference 
to Society letter ballot for adoption as 
standard. All of these new and revised 
standards will be published later in’ the 
year in the 1953 Supplement to the Book 
of ASTM Standards 

Including the 1953) Annual 
actions there are now about 1965 ASTM 
Standards. This compares with the figure 
20 vears ago of 690 and 10 years ago 
1943 about 1200 
cate a definitely increased tempo in stand- 


Meeting 


These figures indi- 


ardization activities during the last decade. 
The meetings of main technical commit- 
tees and their subcommittees, totaling 565, 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


h 


Write for the name and address of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 


A DIVISION OF AIR 


REDUCTION COMPANY, 


INCORPORATED 


SSI 


News of the Industry 


were in progress from Sunday, June 28th, 
through Friday, July 3rd. At times there 
were as many as 52 meetings running 
simultaneously. It was estimated that at 
the 1952 meeting there were about 450 
meetings of committees, 


ASTM Committee on 
Steel Names New Officers 


ASTM Committee 
during the 


At the meeting of 
A-l on Steel on July 3rd 
Annual Meeting of the Society, the resig- 
nation of Chairman N. L. Mochel of West 
inghouse Electric Corp. was announced 
Mr. Mochel has been elected as Senior 
Vice-President of the Society At the 
same time Producer Vice-Chairman T. Ci 
Stitt of the Pittsburgh Steel Co. resigned 
because of retirement. 

H. B. Oatley, the Vice- 
Chairman, was elected to fill the vacancy 


Consumer 


in the chairmanship until June of 1954 
W. F. Collins, New York Central System 
and C, Loos, U. S. Steel Corp., 


elected as Consumer Vice-Chairman and 


were 


Producer Vice-Chairman, respectively 

Mr. Mochel has been chairman of Com 
mittee A-1 for 15 years, exceeding the time 
in office of any chairman since the incep 
tion of the committee in IS98. During this 
period he held the respeet of producers 
and consumers alike for his fairness and 
judgment in guiding the committee 

His successor, Mr. Oatley, is presently 
chairman of the Boiler Code Committee 
of the American Society of Mechanical 
Engineers. He was employed by the 
Combustion Engineering-Superheater, 
Inc., prior to his retirement in 1950. Mr 
Oatley has been Consumer Vice-Chairman 
of Committee A-1 for 13 years. 

The retiring Producer Vice-Chairman 
T. G. Stitt has been chairman of the steel 
tubular products subcommittee for 18 
years, during which time ASTM. specifi- 
cations for these products have become 
widely recognized as industry standards 
In recognition of his service, Mr. Stitt 
was elected an honorary member of Com- 
mittee A-1. 

W. F. Collins, the new Consumer Vice- 
Chairman, is Asst. Chief, Engineering 
Services, for the New York Central Sys- 
ASTM 


committee members because of his varied 


tem, and is well known to many 
interests. Besides participating actively 
in many of the subcommittees of Commit- 
tee A-1, he is also a member of the ASTM 
committees on wrought iron, east iron, 
malleable iron and wood, and has con- 
tributed to ASTM discussions on petro- 
leum products relating to railroad equip- 
ment. 

The incoming Producer Vice-Chairman 
C. E. 
structural steel subcommittee for 5 years 
During this period the present arrange- 
ment of the widely used structural steel 


Loos has acted as chairman of the 


specifications was worked out, wherein 


Ture WELDING JOURNAI 


at ional Cardi the red drum 


general specification covers requirements 


ipphieable to all structural steels and 
reference is made to product specications 
only to eover the quality requirements 
This arrangement ot specication require 


ments tor an entire field of related prod- 
ucts has been used as a model in many 
other ASTM. activities 


American Bureau of Shipping 


The Semiannual Meeting of the Board 
of Managers of the American Bureau of 
Shipping Was held reeently in the board 


room of the Bureau at 45 Broad St... New 
York, N. ¥ 

Walter L. Green, Chairman of the Board 
and President, presided. In his remarks 


Mr 


Crreen said 


Bureau Activity 


lass with the Ameri 


There now exist in ¢ 


ean Bureau of Shipping S702. vessels of 
38,004,905 gross tons, of which about 
22% are temporarily inactive, compared to 
20% ago To the vessels ¢ visting in 
Class there will be added the 574 vessels 
of 3.042.388 gross tons currently under 
construction im the United States and 


lorelgn ship ards, making « grand total of 


vessels of 41,047,205) gross tons 
While a substantial percentage of these 
vessels are foreign owned and or regis 
tered, the large majority fly the American 
flag. These figures include seagoing ton 
nage, Greak Lakes and river eraft, both 
self-propelled and nonprope 
Foreign Business 

A total of 40 new vessels were com 


pleted to Bureau Class in foreign ship 


irds during the first half of this vear 
these aggregating 396466) gross tons 
This tonnage figure should be doubled by 
the end of the year In the vear 1052 


135,096 gross tons of merchant shipping 
were completed In loremgn ships irds to 
Bureau Class, compared to 350,328 tons in 
105] 

New vessels building to Bureau Class in 
ind Japanese shipyards now 


2,007, S816 


european 


wyregate 157 of gross tons 


This now represents almost two-thirds of 


our total new busine ss compared lo 52 
twelve months ago A number of these 
new ships will be completed in 19538, but 


others will not be finished until 1954 and 


1955. Some additional new building work 
Is in prospect in foreign shipyards for the 
Bureau 

In England and Scotland 26 large ves 
Smerican 
these 


being constructed to 


sels sare 
Bureau of Shipping Class. Of 
ire oil tankers, 7 are cargo vessels and 2 
ire bulk ore carriers 
In Germany 3 cargo ships ind 33 tankers 
ire being built to Bureau Class 
Right cargo vessels, and 6 tankers and 


3 ore carriers are being built to Bureau 


Class in Japan Most of these vessels are 
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lor Japan se sl ip owners, but © are tor has proved to be of great value to the 
export shipping industry and to the work of the 

In Italy and Trieste one large passenger Bureau in ce ng with the many speerl 
liner, 21 tankers, 3 cargo ships and a problems which have arisen in the past 
cable-laving vessel are being constructed several years In the laboratory there is 
to Bureau Class; these being for Italian being carried on a continuous program otf 
and Greek owners hecking sal steel plates produced 

Also on order to be built to Bureau Class to the latest specifications of the Bureau 
are 7 large tankships in France, 13 in Hol nd obtained at random from the ship 
land and 2 in Belgium. In Sweden there ids. “The tests on these samples, which 
is a supersize oil tanker and a baunite be said to be representative of the 
carrier, and in Canada 3 cargo ships and 2 materia tually being used in the vessels 
tankers. In Spain we have 5 small cargo building to our Classifieation, have con 


vessels 


in Mexico 6 small vessels, includ 


ing 2 towbouts and 4 barges; while in 
Pakistan there are 3 cargo barges and in ‘ 
Lebanon & barges t 


number of existing foreign-lag and } 


owned vessels have recently been Classe | 

by the Bureau, in addition to those | 

previously reported t 

Technica fie 


The 
ind staffe 


offices 


establishment of a 


well-equipped | 


d testing laboratory in the home 


of the Bureau a number of years wo 


the 
Rectifier 


REDUCED 


News of the Industry 


sistent 


ittons lor 


he have 


mve been 


kind of material which ts 


een one 


ributing to 


n the wel 
idoption 
rogram ol 


nitted | 


vorld with 


ARC BLOW 


you can 6€ SURE... i¢ irs 


Westinghouse 


supports ad 


the setion taken by 


the Bureau in 1948 in revising the specifi 


ovel in, thiek 
the 


plate Sines 


incieated that revisions 
the 


beheved to have 


successiul in serecning out 


the 
the 


Hnportunt factors con 
fractures which occurred 
led ships built) prior to their 
Phere ts also being carried on a 
testing ol imples ol steel sub 


manufacturers throughout the 


i view to establishing specifion 


CONTROL 


INSTANTANEOUS RESPONSE TO ARC-LOAD CHANGES 
. INSTANTANEOUS RECOVERY 


- COMPLETELY ADJUSTABLE BY OPERATOR 


Westinghouse RA Welders with new positive arc- 
drive control now prevent shorting when used on 
“drag” welding applications. In addition, they allow 
complete penetration on root passes of vertical and 
overhead welds. Arc-drive control is obtained by 
adjusting the ratio of short-circuit current to weld- 
ing current without changing open-circuit voltage. 
Actual amount of arc-drive current can be varied by 
the operator. 

For information on this improved RA Welder or 
other Westinghouse Welding Equ.pment, write 
Westinghouse Electric Corporation, Welding Divi- 
sion, P. O. Box 868, Pittsburgh 30, Pennsylvania. 


J-21607-A-2 


SSO 


tions acceptable to the Bureau and which 
may be more readily adaptable to local 
conditions prevailing in any particular 
steel-producing area 

In the laboratory there are also being 
carried out extensive investigations on the 
material involved and the nature of the 
fractures which have occurred manga- 
nese bronze propeller blades This is 
being done so as to make available to the 
special panel, which was established by 
the Bureau to investigate this problem, 
such information as can be obtained by 
laboratory investigations for their guid- 
anee in arriving at practical means tor 
overcoming these difficulties 

In addition to these and other routine 
activities, the Bureau undertook, under 
the sponsorship of the Welding Research 
Council, «a project to investigate the 
effeets of peening of welded joints. An 
elaborate machine was designed and con- 
structed which would enable peening 
operations to be carried out under care- 
fully controlled conditions of tempera- 
tures and rates of energy input. This work 
has now been completed and is only await- 
ing some further tests on large-scale speci- 
mens, after which there will be issued a 
complete report covering the results of the 
investigations and the conelusions result- 
ing therefrom 


ANNOUNCING 


New 


Welded Bridge Design 
Favored in Bidding 


The relocation of U.S. Highway 30 
through Linn County, Towa, has neces- 
situated a new bridge across the Cedar 
River near Cedar Rapids 
both riveted and welded = girders were 
offered for bids. All five of the bidders 


bid on the welded design. Two bid on 


Designs for 


both the welded and riveted design, and 
in both cases the riveted bid was higher, 
approximately $30,000, and used about 
108,000 Ib more steel 

The project was awarded to the Lowa 


Baby 


MIDGET CLAMP 


UNBELIEVABLY STRONG, WITH PERFECT FEATURES 
100 Ibs. clamping force with spindle at end of toggle bar! 


Also side-mo 
Model $-100 


Sales offices in principal cities 


LAPEER MFG. C 


LAPEER, 


3066 DAVISON ROAD « 


WESTERN DIVISION—422 MAGNOLIA 


CANADIAN DIVISION—HIGGINSON ENGR. 


SSH 


Photo Courtesy Lincotn Elect 


Bridge Co. of Des Moines, Lowa, as gen- 
eral contractor, with a bid of $552,708.02 
for a highway bridge of welded girder con- 
struction of which the structural steel 
amounted to $267,411.04. (Their bid on 
riveted design was $204,565.18. ) 

The bridge was designed by Howard, 
Needles, Tammen & Bergendoff, consult- 
ing engineers of Kansas City. The steel 
was fabricated by the Allied Structural 
Steel Cos. It is 1154 ft long and consists 
of two 117-ft end spans and six inter 
mediate 150-ft spans all built as one con- 
tinuous unit. It carries a 28-ft concrete 
roadway with 1 ft in, conerete curbs and 


Designed to carry the high currents necessary for intense heal, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady ‘flowing’ flame 
which does not wander and which is concentrated at the desired 
focal point. Flame tempereture is easily and accurately adjusted 
by merely changing the ampere input, and heavy copper coating 
permits gripping at extreme ends—eliminates frequent and peri- 


odic resetting. 


GLENDALE, CALIF. 
HAMILTON, ONT. 


News of the Industry 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
Oo. ond graphite electrodes, carbon rods and plates, welding paste, etc. 


Write for catalog. 


BECKER BROTHERS CARBON CO. 


3450 South 52nd Ave. 


Cicero 50, Illinois 
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= 
| KEEN-ARC CARBONS 
PRODUCTS 
I 


steel handrails All material is of ASTM 
A7 carbon steel. The girders are constant 
depth sections 7 ft 10 in. deep made of 
three plate sections, all shop welded The 
2-in thick girder flange sections «are 
tapered from 28 in. wide over piers to 18 
In, at splices 

The bridge, now reaching completion, 
was built by the Iowa State Highway 
Commission for which F. R. White was 
Chief Engineer until October 1952 when 
he retired His successor Is | Ik Koch 
I}. W. Blumenschein is the Commission’s 
Bridge Engineer 


Training Program in 
Cobalt 60 Radiography 


early this fall Technical ¢ Jperations will 
offer the first in a series of 2-wk training 
programs cobalt 600 radiography in 
industry. This program will cover health 
phivsies the handling of cobalt 60 and 
other gamma sourees, and the practical 
ind theoretical aspects oof industrial 
radiography. 

Approximately half the time will be 
tuken in lectures, demonstrations and 
question-and-answer periods, the rest 
being devoted to actual practice, including 
experiments in shielding, radiation meas 
urement and the taking of radiographs 

Appheants should have previous tech 
nieal training and/or experience some 
field related to foundry practice, stee] 
fabrication, mechanical engineering or 
radiography, ete 

The program has the supplemental 
purpose of providing the basis for approval 
by the Atomie Energy Commission for 
purchase of cobalt 60 

Enrollment will be limited. For further 
details, write Technical Operations, Ine 


6 Schouler Court, Arlington 74, Mass 


Mechanical Engineering 


Congress 


The Fifth International Mechanical 
ingineering Congress, which is sponsored 
by 14 national Trade Associations of 
Western European countries, will be held 
in Turin, Italy, from Oct. Oto 15, 1953 

The Congress will be followed by a 
study tour to important industrial under 
takings in the north and center of Italy 

\ total of about 100 papers ine luding 
nT welding group, have been promised 
The papers will not be read at the Sessions 
and copies will be sent in advance to par- 
ticipants. The discussion of the contri- 
buted papers will be the basis of the 
working sessions, the official languages ol 
which will be French and English 

The Congress is open to industrialists 
and engineers from all countries, Further 
information can be obtained from = the 


2. Victoria St.. 


British Engineers’ Assn 
London. W l, england 
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Welding Machines 


Manufacture of its newly designed line 
ol and dl-« wel lers has heen tr ins 
ferred by the Welding Products Division 
of A. O. Smith ¢ orp. from Milwaukee to 
expanded quarters at Wis 
effective September Ist New construc 
tion is underway to add another 16,000 
sq ft tothe Elkhorn plant 

The transfer of operations will enable 
the Welding Products Division to better 
serve the in rensing demand of custo 
mers for its welding equipment line 
The Division also has manufacturing 
facilities at Lancaster, Pa., and the Mil 
waukee home plant as well as factory serv 
ice branches at Union, N. J., Dallas, Tex 
Chicago, nd Oakland, Calit 


Homany Made Sales Engineer 


The Wolfenden Welding Supplies, Ine 
Cleveland, Ohio, announces the appoint 
ment of Wm. Homany as Sales Engineer 
Mi Homany has 13) vears’ experience 
in specialty tlle rods, gas equipment and 
welding supplies 

Wolfenden Welding Supplies are distri 
butors for Hobart Bros. Co All State 
Welding Allovs Co., Smith Gas Equipment 
Co. and P. Mallory Co., covering the 
Northern Ohio aren 


Frank lapalucei Joins Baldwin 


Frank lapalucei has been ippomnted 
welding engineer for Baldwin-Lima-Ham 
ilton Corp, according to an announcement 


made by J. J. Rosecky, manager of manu 


facturing at Eddystone 


Mr lapalucei ittended W ayne Univer 
sity and the Chrysler Institute of Engi 
neering and has had wide experience in 
the deve lopme nt of modern welding pro 
cedures Heiss member of the Ordnance 
Advisory Committee and Ordnance Spe 
eiication Committee serving in an advis 
ory capacity on the welding of armor 
plate He isa member of the AWS 


Vews of the Industry 


Before joining Baldwin, Mr. Lapalucet 
Was associated with Murray W. Sales 
Co., General Motors ¢ ‘orp . Gar Wood In- 
dustries, Ford Motor Co., Detrex Corp., 
Palmer-Bee Co. and Chrysler Corp 


Metals Science Club Oflicers 


Phe Metal Science Club of New York, 
in unusual organization of executives m 
science and industry with ten or more 
years’ creative experience in metals tech- 
nology, has elected a new panel of officers 
for the 1953) 54 season 

Phe new president is Sam Tour, man- 
wer ofSam Tour & Co., Inc., a New York 
City industrial consulting, research and 


testing organ lon Mr. Tour, a con 
sulting metallurgist with 30 years’ experi 
ence in the field, was last vear'’s vice 
president and is a charter member of the 
club Howard S. Avery of the Ameriean 
Brakeshoe Co vas elected as the club's 
vice-president, and John Po Nielson, pro- 
fessor ol metallurg it New York Univer- 


sitv, Was elected to the post ob seeretary 


Organized in 146, the Metal Scrence 
Club meets regularly to diseuss theorets- 
ih and technological aspeets of metal- 
lurgy and metallurgicalengineering, Couest 
speakers of outstanding competence in 
the metals field are invited to address the 
membership these meetings usually 
held at the Town Hall Club informal 


ground rules” prevail, in that any mem 


ermay interrupt the speaker at any point 
no his talk to elari or debate a technical 
mount Membership in the elub is by in 
Vitation and is limited to 125 persons of 
high professional accomplishment in the 
metals field 

Both Mr. Tour and Mer. Avery are 
members of the AWS 


Mallory Distributors 


The P. R Co one of the 
vorld’s leading resistance welding tip and 
inmounees the 


ippointment of Wolfenden Welding Sup 


polie Ine., Cleveland, Ohio, as their dis 
tributor in the Northern Ohio ares This 
wait sill provide il umnple stock ol 
Mallon velding products in the Cleve 
care 


Virgil Reed Appointed 


Representative 


Virgil ( Reed i native of Houston 
Texas, has been appointed field representa 
tive for the Southeastern and Southwestern 
states by the Alloy Rods Company 
York, Pennsyvivania, leading manafacturer 
ol alloy are welding electrodes 

Mr. Reed attended the University of 
Houston and has had wide experience in 
the engineering and sales uspects ol the 
velding industr He will make his 
headquarters at 7216 La Paseo Drive, 
Houston 17, Texas 


N87 


Bissell Becomes Consultant 


A. G. Bissell, head civilian of the Weld- 
ing, Casting and Forging Branch of the 
U.S. Navy's Bureau of Ships for 17 years 
prior to his retirement on June Ist, has 
been named engineering consultant to the 
Nelson Stud Welding Division of Gregory 
Industries, Ine., according to announce- 
ment by George bk. Gregory, president. 

Mr. Bissell has moved his residence 
from Washington, D. C., to Seattle, Wash., 
and will function as a consultant on stud 
welding and engineering problems gener- 
ally. Holder of the Miller Medal (1949) 
and the Lineoln Medal (1942) of the 
Soctery and the Bureau of 
Ships Meritorious Civilian Award (1945), 
Mr. Bissell was responsible for much of the 
pioneering work in are welding at Puget 
Sound Navy Yard during the period of 
May 1918 and September 1921 and the 
development of the welding of armor 
since 1936 when he returned to the govern- 
ment service as welding engineer for the 
Bureau of Construction and Repair, prede- 
cessor of the Navy Bureau of Ships. He 
was associated with the Westinghouse 
and Manufacturing Co. at East 
Pittsburgh, Pa., as general engineer for 
are welding and are-welding equipment 
for a five-vear period in the twenties and 
practiced as a consulting engineer in 
Seattle from 1929 to 1936 

A native of Le Roy, N. Y., Mr. Bissell 
holds two degrees in Chemical Engineer- 
ing from the University of Washington, 
Seattle and Chik 
the founders of the Washington, D. C., 
AmeRICAN WELDING 
Socrery and has been an active member of 


He was one of 
Section of — the 
the national organization since 1923. 


Mr. Bissell’s new address is 1806 FE. 
65th St., Seattle 5, Wash. 


Spillman Joins Miller Electric 


William J 


appointed field sales representative for 


“Bi Spillman has been 


western California and Arizona by Miller 
leetric 
turers of electrical welding equipment, 
Appleton, Wis., 
announcement from the company. Mr 


Manufacturing Co., manufae- 


according to a recent 


Spillman has a background of experience 
in the welding field, having started work as 
a welder in various welding plants until 
145 when he opened his own welding job 
shop, in Paragould, Ark. He sold his 
welding shop to go into the sale of welding 
equipment and moved to Arizona in 1949, 


SSS 


where he was in the sales department of 
the Arizona Welding Equipment Co., 
Tucson, Ariz., until June Ist of this year, 
when he became affiliated with Miller 
Mr.. Spill- 


man is married and has two children. He 


Kleetric Manufacturing Co. 


will make his residence in Long Beach, 
Calif 


R. G. Angell Made 
Manager Railroad Sales 


A. M. Byers Co, has announced the 
appointment of R. G. Angell [AWS] as 
His head- 
quarters are in the firm’s Philadelphia 
Division Offices. 

A civil engineering graduate of Ohio 
University, Mr. Angell joined the A. M. 
Byers organization in 1934. 
a Field Service Engineer and Railroad 
Representative with the company’s Phila- 
delphia and New York offices since 1935. 

Mr. Angell’s experience also includes 
five years of service with the Missouri 


Manager of Railroad Sales. 


He has been 


State Highway Department and four 
years with the American Bridge Co 


Anderson Joins Tweco 


Tweco Products Co. and will serve as a 
Special Sales Representative. While he 
will cover the North Central States with 
offices in Kansas Citv, Mo., he will do 
special mission work for the company in all 


Anderson has recently joined 


parts of the United States and Canada, Mr. 


E. tnderson 


Personnel 


Anderson's many vears in the welding 
dustry qualifies him to render great service 
to both Tweco Distributors and their 
For the past 19 years Mr 
Anderson was District Manager for the 


customers. 


Lincoln Electric Co. at Kansas City, Mo 
Prior to that time he was District Manager 
at Oil City, Pa. On Mareh Ist of this 
vear he retired from Lincoln. His new job 
will keep him in the welding industry 
permitting him to work and travel. Andy, 
as he is known to his many friends, has 
been very active in the American Wexp- 
ING Somety for vears. He is presently 
serving on the National {Membership 


Committee. 


Service Bulletin 


Position Vacant 


V-206. Technical 


Well-established growing firm in welding 


Representative 


accessory field offers challenging oppor- 
tunity for man, 25 to 35, with some know!l- 
edge of metallurgy and welding. Posi- 
tion requires travel on a nation-wide basis 
50% of the time, calling on existing 


accounts. Salary and liberal expenses 


Services Available 


A-O38. 
experience and 16 years background in 


Engineer with technical sales 


processing, fabricating and joining of car- 
bon and stainless steels, desires sales con- 
nection with progressive company.  Pre- 
fers Cleveland but will consider other 
location. Family man and car owner. 
A-639. 
vears old. 
and Structural Engineering, University otf 


Danish welding engineer, 30 
Master’s degree in Mechanical 
Copenhagen. Desires to emigrate to the 
U.S. Knowledge nondestructive testing, 
radiography, gammagraphy, ete., and of 
the mechanical testing of welds and welded 


structures. In charge of research on brit- 
tle fracture. 
A-640, Desire position with small 


fabricating concern as superintendent or 
manager. Twenty vears’ varied welding 
and metalworking background, including 
code practices. Experienced on custome! 
contacts to develop growth of business 
along process or jobbing lines tésumeé 


available upon request. 
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PRODUCTS 


Silicone Weld-Backing 
Compound 


\ silicone weld-backing compound re 
cently developed by the General Electric 
Co. is now available from G-E welding 
distributors, according to an announce 
ment by the Company's Welding Depart- 
ment 

The new compound permits greater 
welding flexibility by effectively promot- 
ing uniiorm penetration and eliminating 
the harmful effects of air on the underside 
of welds. It is well suited to applications 
in which the underside of the joint is diffi- 
cult or impossible to reach for cleaning 

Made from “bouncing putty,” the sili- 
cone weld-backing compound similar 
to paint in appearance and does not re 
quire the addition of any other ingredient 
before Use One eout, nm wide, apple d 
with « brush to the back of the joint, will 
give adequate protection, according to 
G-E engineers. pint applied in’ this 
manner will cover more than 1300 linear 
feet 


New Attachment 
for Welder’s Mask 


\ patent grant for an attachment to a 
conventional welder’s mask for cold 
weather operation was awarded recently 
to Curtis L. Olson, Deputy Chief of the 
Mechanical Equipment Branch the 
Army's Engineer fesearch ind Develop 
ment Laboratories, Fort Belvoir, Va 

Mr. Olson's development, easily at 
tached to a conventional mask or hood, is 
designed to prevent the lens on the mask 
from frosting in freezing temperatures 
Present masks frost in cold weather and 
make operation of welding equipment 
difficult 

The new attachment can also be applic d 
universally Tests have indicated that it 
also Improves operator in hot 
weather since its ventilating effect. pro 
vides for the removal of stale air and 
welding fumes from inside the helmet 

Mr. Olson has been emploved by the 
Federal Government since 1035 During 
World War IT he served 3 vears with the 
| S. Army Engineers, ineluding 13 
months in the Paeifie with a base depot 
group 

Before accepting position at the | 
neer Research and Development Labora- 
tories in 1946, he was with the Military 
Operations Division of the Office, Chief of 
Engineers at Gravelly Point 
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Nonhygroscopic Flux 


for Aluminum Joining 


An extremely important development 
for all those who join aluminum in produc 
tion has been announced by the | utectt 
Welding Corp. who report that the great 
majority of corrosion problems normally 
found in aluminum joining, as a result of 
the corrosive properties of the slag of con 
ventional fluxes, can now be minimized o1 
entirely eclimimated with their new Eutec 
tor Flux 

This superior activating flux lowers sur 
face tension and provides greatly improved 
wettability, the manufacturer claims 
Due to the fact that this new flux is non 
hydroseopir comple tely eliminates cor 
rosion caused by the ibsorption ol water 
Irom the itmosphere which normally 
sults through the use of conventional 
fluxes 

For further details and prices write to 
Kutectic Welding Alloys Corp., [72nd St 
and Northern Blvd., Flushing 58, N.Y 


Welding Flux 


A unique new type of aluminum weld 


ing flux one that allows the operator te 


see exactly what he is doing while weld 
ing was announced recently by Solar 
Aireraft Co., San Diego, Cali 

The real secret of Type 202 les in the 


effectiveness of its fluxing section — the 


weld puddle is not hidden behind il 
opaque blanket retractory slags,” 
Solar’s announeement said 

Following « series of laboratory and 
fie ld tests, Solar suid the following charac 
teristics of Type 202 aluminum welding 
flux were reported 

The flux starts to reduce oxides 
immediately upon applic ition and con 
tinues to do so throughout the heating 
evele 

2 The flux is easily removed after 
welding, and will not produce corrosive 
pitting on the parent metal 
The flux becomes it the port 
in the heating evele when the metal is 
ready to weld and therefore serves as a 
good temperature indicator 

The flux is an excellent wetting 
went, and is easily apphed 

5 With the flux, the hotter flame of 
oxv-acetylene can be used in) aluminum 
welding without undue fear of overheating 

6. The flux can be used as a backing 
material on butt or tee joints to control 
penetration, and can also be used to elimi 
nate the oxide noteh on the back of the 


work 


Veu P) oducts 


‘ Phe flux allows the operator to see 
readily the molten puddle, and no pud- 
dling 


The flux is sufheiently active and fluid to 


stick is needed to remove oxide slag 


carry off the opaque slag blanket auto 
muitically 

Solar said the new Type 202 aluminum 
welding flux is now available to industrial 
ind other users in containers through 


welding supply dealers 


Electronic Timer 


Sciaky Bros., [ne O15 W. 67th 
Chicago, Hl Bull. 315-10 covering the 
Seiaky Electronic Timer for saeccurate, 
short-interval control of mechanical and 
electricul operations 

The Setaky Eleetronic Timers are used 
for split timing of many industrial and 
professional operations: process periods, 
limiting, delaving, sequencing, eveling, 
interval timing and = contact repeating 
They are ilso, used on welding equip 
ment, signaling devices, lifting devices, 
ititomatic machine tools, ete 

There are many t available in the 
Scinky Electronic Timer from 0 to 24 see, 
Bulletin No. 315-10 describes the advan- 
tages in the design and operation of Semky 
timers. Complete specifications are given 
for five of the most widely used models 
For information on other timers, write 
direct to the Chicago plant or to the local 


district ofhiee 


Aluminum Welding Rod 


\ new cast-xluminum welding rod for 
torch work in assembling, repairing and 
reclaiming sand castings of aluminum was 
innounced recently by All-State Welding 
Allove Co., Ine it the « ompany offices, 
240 55 Ferris Ave White Plains, N. \ 

Basically this rod is intended tor weld 
ing under such specifications as ASTM 
B26 It meets Government Specifi 
cation QQ-R-566 Type Class 
355 and applieations already proved tor it 
include welding P51, P6 and other alumi 
num castings of various tempers where 
The neweomer is identified as All-State 


Cust \luminum Welding Rod, 


sis corresponds to Type 355 


Claims, in addition to a notable plastic 
range 1025 ire that celor 
niatehes, has the same corrosion-resistance 
id responds to heat tre tment identieally 


vith Standard Type 355 aluminum allovs 


No. 355 is now available at some 700 
All-State distributor It comes in various 
rod dinmeter and ! 
in ima long Standard pack 

wes sare 


G-E MG WELDERS” half the size of other d-c welders of this G-E AC WELDERS best for 3 out of 4 jobs because of no arc 
type offer a steady-arc interactor, single-dial dual control, blow feature instant arc striking, steady capacitor-stabilized 
easy inspection, wide current range, and high efficiency, for arc, exact current setting on the easy-to-read scale, high power 
high production, operator satisfaction, low operating costs. factor for low-cost operation, and long-life silicone insulation. 


FOR AC OR DC 


Top performa nce, low over-all cost 
make G-E welders your best buy 


Whatever the requirements of your welding job 
whether it’s AC or DC, indoors or outdoors-—there’s a 
General Electric welder available to give you unsur 
passed performance. The features and operating bene 
fits listed on this page can mean real savings for you 
during the long life of your G-E equipment. 
You get more than just quality equipment when you 
buy G.E. Prompt shipment, application help, and com 
plete service facilities provided by your local G-E 
Welding Distributor mean extra dollar savings for you. 
For complete information on G-E welders and how 
they can help you do a better job at lower cost, contact 
your nearest G-E Welding Distributor today. He’s 
G-E ENGINE-DRIVEN pag co 5 rugged py wes ney out- listed here and in the classified section of your phone 
line engines and diesels. Sturdily. built to stand up in outdoor OOK under “Welding Equipment”. General Electric 
service, these units provide excellent welding performance. Company, Schenectady 5, New York. Nos 
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News 


Information on equipment, 
electrodes and accessories from 


G.E., pioneer in arc welding 


New G-E electrode 
simplify selection, 


To simplify electrode selection, 
stocking, and training, which have 
been complicated by the large va- 
riety of electrodes manufactured 
today, General Electric has put into 
effect a new mild-steel and low-alloy 
electrode nomenclature system. This 
new system, closely tied to familiar 
AWS classifications, can be explained 
by a simple example: 

The G-E electrode formerly known 
as W-28 is an AWS Class E-60i2 
electrode. Under the new G-E sys- 
tem, this electrode will be known as 
W-612A, formed by adding ‘“‘W”’ to 
the basic 6012 and, for simplicity, 


dropping the The ‘‘A”’ is used 


nomenclature will 
stocking, training 


to differentiate between this elec- 
trode and two other Class E-6012 
electrodes (formerly W-29 and W- 
20F) which will now be termed W- 
612B and W-612C. All other G-E 
mild-steel and low-alloy electrodes 
will be designated in a like manner. 

During changeover to the new 
system, G-E electrode packages will 
carry both old and new numbers. 
Nomenclature of G-E stainless-steel 
and hard-surfacing 
not be altered. 

To familiarize yourself with the 
new G-E electrode nomenclature, 
ask your G-E Welding Distributor 
for a copy of GED-1634A. 


electrodes will 


Joe Magee says... 


New W-6I0OA electrodes 
reported 8 ways better 


Copyright 1953, 
G.E. Company 


User reports on General Electric’s 
new W-610A electrode list 8 per 
formance benefits of this outstanding 
Class E-6010 rod. 


They say W-610A... 


@ is easier, faster to use 

@ is free of ‘‘wandering arc” 

@ climinates pinholing problems 
@ produces lower-porosity welds 
@ stops “‘fingernailing”’ 

@ has a stable coating 

@ prevents excessive spatter 

@ makes slag removal easy 


Find out for yourself 

If you haven’t discovered these 
benefits for yourself, contact your 
General Electric Welding Distribu- 
tor today. He'll give you a free 
sample of G-E Type W-610A~ the 
electrode that’s fast becoming the 
quality standard for the welding 
industry. 


SEPTEMBER 1953 


FREE 


Stainless-steel Guide 


If you weld stainless steel, you'll 
want this new G-E Bulletin ‘‘Weld- 
ing and Metallurgical 
Stainless Steels’. Written for both 
the novice and veteran weldor, this 
easy-to-read pamphlet is full of prac 
tical data to help you select elec- 
trodes, produce better welds, and 
avoid common problems in stainless- 
steel work. Ask your G-E Welding 
Distributor for Bulletin GET-1955. 


Aspects of 


Here’s the name of your 
G-E Welding Distributor— 


Alabama: Birmingham 
Vann Supply; Mobile 


Alabama Oxygen, Young % 
Turner Supply 


Arizona: Phoenix—-Consolidated Welding Supply 


California: Fresno, los Angeles, Oakland, Sacra 
mento, San Diego, San Francisco, Ventura— Victor 
Equipment 


Colorado: Boulder, Colorado Springs, Denver, Du 
rango, Ft. Collins, Ft. Morgan, Greeley, LaJjunta 
Longmont, Pueblo-——Hendrie & Bolthoff 


Florida: Hollywood, Miami Florida Gas & Chemical 


Georgia: Atlanta, Macon 
Augusta Marks Oxygen; Columbus 
ing Supplies 


Welding Supply & Service; 
Williams Weld 


idaho: Boise Dison Manufacturing 


Wlinois: Chicago Moline, Morton—-Machinery & 
Welder 
Indiana: Evansville — Drill Master Supply; Ft. Wayne, 


Sutton-Garten; South Bend 
ing Sales & Service 


indianapolis 


Perry W eld- 


lowa: Des Moines—-Machinery & Welder 


Kansas: Coffeyville 
ing Equip.; Hutchinson 


Thompson Bros. Supply & Weild- 
Kopper Supply 

Kentucky: Louvisville—-Reliable Welding; Paducah 

Henry A. Petter Supply 

Lovisiana: Alexandria, Shreveport 

New Orleans 


Hughes Oxygen; 
Consolidated Welding Supplies 


Maryland: Baltimore Arcway Equipment 


Massachusetts: Boston 
Sales Division 


New England Welding 
Michigan: Detroit Welding Soles & Engineering; 
Grand Rapids— Miller Welding Supply 


Minnesota: Duluth 
duction Materials 


W.P.BR.S. Mars; St. Paul Pre 

Mississippi: Jackson Jackson Welding & Supply 

Missouri: Kansas City. Hohenschild Welders Supp! 

St. Lovis Machinery & Welder 

Montana: Billings-—-Valley Welders Supply; Butte 

Great Falls — Montana Hardware 

Nebraska: Lincoln Lincoln Welding & Supply; Omaha 
Baum tron 

New Jersey: Kenilworth — Welding Sales 

New Mexico industrial Supply Co., 

Hobbs -Western Oxygen; Las Cruces, Silver City 

Car Parts Depot, inc. 

New York: 3uffalo— Welding Equipment Sales; Syra 

cuse Welding Engineering & Equip 


Albuquerque 


North Carolina: Charlotte 
Gastonia Motor Parts 
North Dakota: 
Supply; Fargo 


Dixie Gases; Gastonia 


Bismarck, Fargo -Acme 
Dokota Electric Supply 


Welding 


Ohio: Akron, Cincinnati, Cleveland, Columbus, Dayton, 
Mansfield Burdett Oxygen; Toledo Odland tron 
W orks 

Oklahoma: Tulsa 


Oregon: Eugene, Portland J. E. Haseltine; Medford, 
Portiand Industrial Air Products 


G-E Welding Sales Division 


Pennsylvania: Philadelphia, Pittsburgh 
ment 


Arcway Equip 


South Carolina: Columbia, Greenville 
Products 


Welding Gas 


South Dakota: Deadwood —Hendrie & Bolthoff 
Tennessee: Chattanooga, Knoxville, Nashville 
Delta Oxygen 


W eld- 
ing Gas Products; Memphis 


Texas: Abilene M&M Welding Supply; Alice, Corpus 


Christi Crane Welding Supply; Alpine, €i Paso, 
Marfo, Pecos -Car Parts Depot; Amarillo Tex-Air 
, Brow e, H gen Acetylene Oxygen 
Dallas #H Equipment & Supply; Hereford -Texa-Air 
Gas; Houstor G-E Welding Sales Division; Lubbock 
Welders Supply of Lubbock; Midland West Texas 
Welders Supply; Odessa, Pecos Western Oxyoen; 
P view Plains Welding Supply; San Ange! 
Southwestern Welding Supply Snyder Western 
Welding Supply Texarkana-—Hughes Oxygen; 


Wichita Fal Nortex Welding Supply 


Utah: Salt Lake City The Galigher Co 


Seattle, Spokane —J. E. Haseltine, Spo- 


Industrial Air Products 


Washington: 


kane, Yakima 
West Virginia: Bivefield 
ton Viginian E'ectric 
Hardware & Supply 


Bivefield Supply, Charles 
Huntington, Logun logan 


Wisconsin: Milwaukee Machinery & Weider 


Alaska: Anchorage Northern Supply 
Canada: Toronto ~Conadian G.E 


Hawaii: Honolulu American Factors, Lid, 
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Difficult and 
dissimilar metals 
weld more easily 
with AMPCO-TRODE* 10 

BARE WIRE 


for inert-gas consumable 
electrode process 


Gi: I faster welds, 


a" denser deposits, good 
mechanical properties 
use Ampco-Trode 

10 bare wire for inert- 
gas consumable elec- 
trode welding. ..to join aluminum 
bronze, brass, silicon bronze, etc. 

Specify Ampco-Trode 10 wire 
on spools or rims for (1) uniform, 
controlled chemical composition, 
(2) highest quality surface finish 
and cleanliness, (4) level winding 
that assures smooth wire feeding. 

Ampoo-Trode 10 bare wire gives 
a deposit hardness on overlays of 
160-190 BHN (3000 kg. load). 
When higher hardnesses are needed 
use Ampco-Trode 160, 190-220 
BHN or Ampro-Trode 200, 250- 
280 BHN. 

Order Ampceo-Trode wire and 
watch costs go down, weld quality 
go up. Call your Ampco distribu 
tor or write us now. 


mReg. U.S. Pot. Off 


AMPCO METAL, INC. 
Dept. Wi-9 
® Milwaukee 46, Wisconsin 

West Coast Plant, Burbank, Colifernia 


Spat-R-Pruf Compound 106 


Anew product that means new savings 


of time and material and new production 
gains of real importance 
York's Spat-R-Pruf Compound 106. is 
ready for use just as it comes from the can 
no shaking, no stirring, no dilution is 


NeCOSSULYS It can be brushed on, dipped 


onorsprayed and it won't clog the spray 
gun 
York Engineering Co., 


( ‘hie wo 23, Il. 


3349 Ogden Ave, 


Magnetic Holders 


Machine Co., 
welding 


Arende, N. 


positioners, 


\ronson 


manutacturers of 
announces the introduetion into their line 
accessories two new work- 
Model MCR is the 
round magnet having « diameter of 4 in. 


of welding 
holding pot magnets 


and a pull of 275 Ib with air gap 0.005 in. 
The Model MCQ is a cube 3° 
side and has a pull of 375 Ib with air gap 
0.005 in. Both models ar 
tapped holes for securing to fixtures or 


each 
provided with 
other structure. One of the very popular 
uses has been found to be linking two mag- 
nets so that heavy plates ean be held at 
the desired angle during welding. Another 
time-saving use is to hold work during 
where 


grinding operations In shops 
large templates are used in’ laying out 
used to hold the 


the magnetic pull 


holes, these models are 
template to the work, 
passing through the template and pulling 
it against the work. The magnets have 
been used with great savings in time for 
setting up when doing toreh cutting, hold- 
ing the track or radius centers accurately 
and powerfully. They are also used for 
sheets which otherwise get 
lifting. 
application. is 


lifting large 


damaged by other methods of 


Probably the most unique 


using them to damp the movement of 


Vi Products 


steel parts sliding over a conveyor chute 
Priced at $70 per pair MCR, $75 per pair 
MCQ. 


Face Shields 


Included in the new models of No. 300 
Face Shields, announced by the Boyer 
Campbell Co., 6540 St. Antoine St., De 
troit 2, Mich., are sliding buttons for the 
mounting of the windows on the headgear 
This prevents the difficulty encountered 
when headgears warp due to moisture and 
heat —-the fastener sliding to conform to 
While this slight 


buttons makes 


any change in size 
change in position of the 
headgears of conventional design useless, 
this innovation greatly extends the life ol 
this type of equipment. This Boyer 
Campbell mounting has been adapted 

plastic windows for general utility, sereen 
windows for protection trom heat and 
seale and fiber fronts with glass holder for 
gas welding, searfing, ete. This complet 
interchangeability makes practical greatly 
reducing inventories on this type of equip 


ment. 


High-Density Cast-Iron Rod 


To meet widespread demand for an oxy 
acetylene welding rod for cast iron (ap 
plied without fusion of the base metal) 
that would combine dense welds and high 
together with bette: 
Welding Alloys 


has developed 


tensile strength 
appearance, Eutectic 
Corp. of Flushing, N.Y 
their new EutecRod M43kFC. This new 
flux-coated rod (also available bare) con- 
tains special alloving elements for greater 
strength and denseness of weld, along with 
a new improved coating w hich results in 
smooth, clean welds where appearance is 
an important factor on cast-iron work 
KutecRod is) being manufac 
factured in square shape in a full range of 


sizes: 7/,, and '/, in Further 
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technical data upon request trom Depart controls intervals are unatfeeted new current stalulizing coils to msure com 
ment “P,” Euteetie Welding Alloys Corp., by variations in line voltage or line ‘ plete are stability at allecurrent settings 
Flushing, N.Y queney Hand or foot remote control units that 

permit eruter chmination and micrometer 
Electronic Timer Selenium Rectifier Welder imperage selection. A new, conveniently 
ted range selector switeh and dual 
A new enclosed electronic timer that is Wide current ranges for all types of initized infinite current controls 
particularly well suited for dependable welding from the thinnest gage metal New, rugged Miller designed polarity re 
industrial and laboratory services that re weldable to the maximum eapacity of each ersal switeh, and rectifiers specially de 
quire timed intervals, time delay periods welder are incorporated in the new Muller signed for welding applieations, therme 
or other programming has been announced Selenium Reetifier Welder just announced tatically protected and warranted under a 
by G. C. Wilson & Co., 2 N. Passaic Ave by Miller Kleetrie Manufseturing Co 
Chatham, N. J Appleton Wis This new welder has un 
precedented current ranges SR-200 (3 Alloy Paste Solder 
300 amp), SR-3800 (3-400 amp), SR-100 
imp 125-750 ump in \ il Hk Series ol alloy 
iddition to other features as follows paste solders containing a neutral flux in 
the alloy is announced by Fusion longa 


eireunt Magnetic amplifier cireuit 


Typical applications for the new timer 
include bottle filling, molding 
electronic heating injection molding, 
photographie processes and spot welding 

The G. C. Wilson Type 60 MC timer 
was designed to provide operation by foot 
switch, push button, pressure switch or 
any other momentary or sustained contact 


closing device Accurate setting of the 


{ 


time interval is obtained by fine and coarse 


All X21 Models have Infinitely 
Variable Speed Table Rotation 
ZERO to 2.25 RPM with Magnetic 
Braking and Micrometer Con- 
trolled to .0015 RPM Speed 
Change. Precision Cut Steel 
Gearing with Absolute Minimum 
and Backlash. Thermal Overload Pro- 
Elevation, UNDER FULL LOAD, by tected Safety Disconnect and 
Magnetic Reversing Starters. Re- 
mote Dust-Tight, Oil-Tight Con- 
trol Stations on 110 volt Safety 
Control Circuit, Anti-Friction Ball 
and Timken Bearings. 


MODEL X21PE: Powered Tilting 
and Powered Elevation. 


See us in Booth 2435 at The National 
Metal Show in Cleveland, October 19 to 23 


ronson MACHINE COMPANY 


ARCADE, NEW YORK 
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Time-tested pulsating (patented) direct 


current due to Miller's unique electrical 


neering, Cleveland, Ohio. The TR Series 


esiwned for electronie connections 


Is 
ind 
spoon itl where the work Is covered hy 


Federal itions MIL-S GOS72, AN 
and MIL--5400 


MODEL X21E: Manual 
135° Tilt. Powered Eleva 
tion 24” in 15 seconds 
MAGNETIC BRAKING 
Prec. Limit Switch 


MODEL X21P: Powered 

Tilting 135° in 23 sec 

onds, MAGNETIC BRAK 

ING Manual FULLLOAD 4 
Elevation 24” 
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Now adding to our electrode production... 


Worlds most 


..TO SERVE YOU 


A.O. SMITH CORP. 
WELDING ELECTRODE PLANT 


LANCASTER, PENNSYLVANIA 
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modern 


welding electrode plant! 
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Additional capacity for the production of A. O. Smith welding 
electrodes is represented by this “automatic factory,”’ now in 
operation near Lancaster, Pennsylvania. Consistently high quality 
shielded-arc electrodes are being produced here by automatic 
machines in a glazed tile structure that assures the cleanliness 
needed for optimum quality control. 


Maximum uniformity of electrodes is assured by rigid production 
controls including controlled air throughout the plant and the 
industry’s newest and most efficient baking ovens. Straight-line 
production, with raw materials entering at one end and finished, 
packaged electrodes emerging at the other... means top 

quality electrodes for your production requirements. 


Your demand for quality electrodes can be more quickly satisfied 

because of this new facility. The Lancaster plant will enable us 

to serve our Eastern customers on practically an overnite basis, 

as well as improving delivery to A.O. Smith users everywhere. 

For complete information on the entire A.O. Smith electrode line 
..as well as on machines and accessories, write: 

A. O. Smith Corporation, Welding Products Division, 

Dept. WJ-953, Milwaukee 1, Wisconsin 


WELDING PRODUCTS DIVISION, MILWAUKEE 1, WISCONSIN 
INTERNATIONAL DIVISION: MILWAUKEE 1, WISCONSIN 


BETTER WITH THE BEST IN WELDING ELECTRODES i. 

| 


Metals contained in the alloy 
solders conform to Federal specifications 
The ure ipplie ible to 
transistor and diode soldering and printed 
erreuits, in addition to general eleetronn 
ipplieations, the manufacturer states 

An aetivated high-rosin flux is used in 
the TR Series of Alloy Paste Solders to 
prevent corrosion. “Temperature ranges 
iVallable extend from 220 to 650 deg to 
meet all requirements, including bi-tem 
perature soldering 

Further information about the HR belee 
trical Series ol paste alloys ivatlable 
tomperatures and appli ation methods 
may be obtained by writing to Fusion 
engineering, 1504 Superior Cleve 
land 3, Ohio The company also states 
that at will make application methods 


recommendations if readers will 


prints with relevant details 


Refrigeration and 
Air-Conditioning Outfit 


the equipment required for secturate 
leak detection as well as the necessary 
heating and brazing of refrigeration and 
an-conditioning systems is) ineluded = in 
the Prest-O-Lite Refrigeration and Air 
Conditioning Outfit This convenient 
outfit, introduced by Linde Air Products 
Co., a Division of Union Carbide and Car 
bon Corp., gives the refrigeration service 
portable, all Purpose kit lo 
inv job he may meet while repairing ot 


installing refrigeration equipment 


The new supersensitive Leak 
Detector Stem in the outfit assures aecu 
rate and positive detection of refrigerant 
gus lenks. It quickly locates leaks of such 
guses us F-12, F-21, F-118, 
and Carrene; also methyl bromide (fumi 
gant) vapors in air, where such concentra 
tions are less than The Detector 
readily shows up as little as 20 parts olf 
refrigerant gas in a million parts of air 
Because of the sensitivity of the reaction 
plate and the flexibility of the S-ft suction 
hose, leaks ean be located rapidly with 

The outfit ineludes three torch stems to 
provide exactly the right thime for all 
open-flame soldering, heating and bending 
required on refrigeration equipment. The 


SOO 


stems fit interchangeably into the No. 401 
Precision Handle. A built-in ‘‘ygas-miser”’ 
pilot flame control on the handle saves 
time and fuel during intermittent work 

In addition to the handle, leak detector 
steam and three torch stems, the outfit in- 
eludes the R-4ALLB Acetylene Regulator, 
which maintains selected pressure at the 
toreh regardless of tank pressure, and a 
12 ft length of ein, acetylene supply 
hose strong steel carrying case holds 
the complete outfit) with ample extra 


room for wrenehes and other small tools, 


Rectifier Welder 


\ dee reetifier-type welder has been 
ndded to National Cylinder Gas Co.'s line 


al Sureweld”’ welders 


2 


ARC WELDER 


According to NCG engineers, both the 
static and transient electrical characteris- 
ties of the new machine make for an unusu- 
ally stable and easily handled are. Short 
eireuit’ current is high, giving sufficient 
drive to the are without the use of ‘gad- 
gets” Output current is said to have a 
pronounced a-e ripple or pulsation which 
tends to reduce are blow Voltage re- 
covery is almost instantaneous when the 
are is momentarily shorted 

A three-phase transformer supplies the 
a-¢ power to a full wave selenium oxide 
type rectifier which changes this power 
into the d-e current used for welding 
Built integrally with the transformer is a 
reactor circuit including a saturable core. 
A variable rheostat (or optional hand- or 
foot-operated rheostat for remote control 
varies the current saturating this core and 
thus the output of the welder 

Cooling air, directed by baffles, is drawn 
in two separate paths through the rectifier 
stack and the transformer by «a powerful 
fan This keeps temperatures on all 


Vew Products 


windings well below the 90° © rise permis 
sible for Class Bo insulating materials 
For added protection, 4 thermostat Is 
placed on the rectifier stack to cheek any 
abnormal heating 

Additional features include Flush 
front cabinet design with recessed control 
panel and receptacles for satety quick- 
disconnect” plugs on welding leads pro 
tected with fiber sleeving, and a primary 
terminal board, accessible through door at 
the back of welder. The welder is avail 
able in 200-, 500-, 400- and 600-amp 


models 


Automatic Rebuilder 


The production ola new automatic re 
builder, the Miro-O-Col K-2, has been 
announced by the Mir-O-Col Alloy Co., 
312 N. Avenue 21, Los Angeles $1, Calif 


built machine, enables shops to rebuild 


ruggedly constructed, precision 


wheels, pulleys, track rollers, idlers and 
cones faster, better and at a fraction of 
new-part replacement cost In many 
cases the rebuilt) equipment insures a 
longer than new part wearing life 

Designed to handle work of any size up 
to 40 in. in diameter, the Mir-O-Col K-2 
welds 30 in. of bead per minute. Versatile 
enough to handle any shape work, the K-2 
takes all types and sizes of automatic wire 
upto in size 

Distinctive features of the K-2 include 
an adjusting wheel which permits fine 
vertical adjustments of ' 9, in., a fast 
simple lock on centers which prevents slip- 
page and insures perfect concentric build- 
up, a& gear reducer on motor which per- 
mits variable «spindle speeds from to 3 
rpm, an easily adjustable welding table, a 
large-capacity flux ean and a bar guide to 
keep flux around are 

Utilizing the submerged-are principle of 
automatic welding, the K-2 has an auto 
matic welding positioner and simplified 
control panel 
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\mproved non-synchronous performance 
with Square D's NEW SLOPE CONTROL 


ROJECTION WELDS through more 


{ welding current. 


ON-FERROUS METAL 
oves appearance © 


BETTER AND MORE P 
uniform distribution © 
PERMITS WELDING N 
“spitting” at electrodes 
num and other non-ferrous welds—ex 


s. Reduced 


DESIGN FEATURES_——_—_ 
nclosure matches 
troller (Nema N2), 
D welding 


e Control e 


Welder Con 
dividual Square 


d Enclosures- Slop: 
n-Synchronous 
ht. Also matches in 
tor enclosures. 
standard componen 


Matche 
Square D No 
shown at rig 
timer OF contac 
Simplified Circuit, 
construction. 


4041 North Richards Street, 


1903 - 50 YE 


+ 


{ alumi- 
tends electrode life. 


ts, and heavy-duty 


Write tor Bulletin 8990 EWG. Address Square D Company, 
Milwaukee 12, Wisconsin. 
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machines. 
.045", .0625”". 


Why You Should Use... 
PAGE Automatic Welding Wire 


@ PAGE Automatic Welding Wire is made to rigid specifications 
which provide consistent characteristics for smooth flow of metal 
during continuous or intermittent welding. There are many 
analyses for a wide variety of uses. 


for INERT GAS Welding 


PAGE Stainless Steel Wire is precision thread-wound on 25-lb. 
non-returnable convenient reels which fit popular arc welding 
Six Page-Allegheny grades; wire diameters: .035”, 


for SUBMERGED ARC Welding 


PAGE stainless, low alloy, and carbon steel wire in layer-wound 
coils, in 22” or 24” mill coils, or on 200-lb. returnable steel reels. 
Wire diameters from 1/32” to 5/16"; copper coated if desired. 


Write to ou 


STEEL AND WIRE DIVISION 
¥ AMERICAN CHAIN & CABLE 


Monessen, Pa, Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Portland, San Francisco, Bridgeport, Conn. 


for Bulletin DH-402 


r Monessen, Pennsylvania office 


New Products 


Are Welders 


Metal and Thermit Corp., New York, 
announces that their 200-, 300- and 400- 
amp d-c generator welders have been 1 
designed to incorporate the following 
features: 

1. New one-dial control that provides 
close control of the welding current by 
means of an electrode size selector and a 
large, easy-to-adjust dial for minor cur 
rent adjustments, 

2. Convenient current control made pos 
sible by setting the electrode selector to 
size of the electrode to be used, then turn 
ing the calibrated current dial to the heat 
desired, reversing switch provides 
quick, easy change of polarity. 

3. Magnetic motor starter which is a 
magnetic across-the-line contractor oper 
ated by push button on the control box 
and incorporating two  automatic-reset 
thermal-overload relays which protect 
against severe and continuous overloads 
and low-line voltage. 

For further information on these or any 
of M&T’s 66 various welding machines 
write Metal and Thermit Corp., 100 b 
f2nd St., New York 17, N.Y 


Welding Positioners 


This new Leader Welding Positioner, 
Model P3000, solves the problem of posi- 
tioning heavy parts for welding. It is 
especially useful when used with automatic 
welding machines. 

The entire unit is extremely compact 
and rugged. Both table and. tilt) are 
driven by a completely enclosed gear 
train. The Aeme-powered tilt has self 
locking gears and ean be swung through 
120 deg from the horizontal position 
Limit switches are built in. 
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FEATURES LIKE THESE MAKE 
SUREWELD YOUR BEST BUY 


Selenium Rectifier Stack is con- 

structed of sturdy, heavy gauge 
metal plates, extra large in surface area 
for maximum cooling of rectifier. Spe- 
cial thermostat protects stack from over- 
heating. 


y] Exclusive Transformer Design 
(patent applied for) results in a rec- 
tangular unit with extremely low center 
of gravity. Weight of welder is up to 
50% less than equivalent motor genera- 
tor sets—requires far less floor space. 


3 Knob-type Current Control 
with calibrated dial and Line Switch 
are conveniently located on front panel. 
Welder also available with hand or foot 
operated rheostat for remote control. 


4 Complete Current Range is ob- 
tained in three steps by plugging 
into one of three receptacles. Low cur- 
rent resistor (optional) gives fourth range 
for very low currents. Welding leads 
have “quick disconnect” plugs. 


5 Powerful, Heavy-duty Cooling 
Fan safeguards rectifier stack and 
transformer unit against harmful over- 
heating. 


6 Primary Terminal Board, acces- 
sible through hinged door at back of 
welder, is clearly marked for changing 
connections for either 230 or 460 volts, 
3-phase, 60 cycles. Available for spe- 
cial voltages upon request. 


7 Sturdy Drip-proof Cabinet has 
flush-front construction and recessed 
control panel and electrode receptacles. 
Entire cabinet is easily removed for in- 
spection. 


e Lifting Hooks permit easy, sofe 
hoisting of welder. 


| 
EVERYTHING FOR WELDING 


Everything you've ever wanted in a D-C welder 
—whether you operate one machine or hun- 
dreds—is built into this new Sureweld 
Rectifier Arc Welder... 


MADE TO ORDER FOR YOUR WORK 


Right from the start you get the one right 
welder for your job... not too big. . . not too 
small. That’s because there are five different 
models to choose from, providing a current 
range of from 244 to 750 amps. 


CONVENIENT CURRENT CONTROL 


Current adjustments couldn’t be easier. You 
simply dial the desired output current. The 
knob-type rheostat provides continuous cur- 
rent control within each of three ranges .. . a// 
electrically. Foot or hand operated rheostats 
are available for remote control. 


OUTSTANDING ARC CHARACTERISTICS 


Even at the lowest current settings, it produces 
an absolutely stable, easily handled arc. What’s 
more, an A-C ripple in the output current, 
which tends to reduce arc blow, greatly im- 
proves weld speed and quality. 


NATIONAL CYLINDER GAS COMPANY 


840 N. Michigan Avenue, Chicago, Illinois 


Branches and Dealers in Principal Cities 


Copyright 1953, National Cylinder Gas Company 


D-C Rectifier Arc Welder 


Today’s most advanced 
D-C welder design 


Makes D-C welding easier, more efficient than ever 


before ...costs less to operate and maintain! 


QUIET OPERATION, LOW MAINTENANCE 


It has no moving parts (except for cooling fan) 
...no brushes, bearings and commutators to 
replace and repair. Nothing to wear out or 
cause noise. Operation is quiet. Maintenance 
costs are negligible. 

It cuts costs in other ways, too... 


LOWER POWER COSTS 


Compared to motor generator sets, electrical 
efficiency is substantially higher. Startingcurrent 
is lower. Power consumed when idling is less. 


BUILT TO LAST 


The Sureweld stands up better, too, because 
it’s made better . . . both inside and outside. The 
cabinet has flush-front construction for safety, 
is extra sturdy, drip-proof. The heavy-duty 
cooling fan and thermostat protect the welder 
against overheating... prolong life of both 
transformer and rectifier stack. 

Before you decide on any D-C machine, see 
the new Sureweld Rectifier Welder at your 
nearest NCG branch or authorized NCG 
dealer. Or simply mail the coupon for com- 
plete literature. 


National Cylinder Gas Company 
840 N. Michigan Ave., Chicago 11, lilinois 


[JPlease send Illustrated Bulletin NH-114 containing full 


i 

| 

; details of new Sureweld D-C Rectifier Welder. 

| CJPlease arrange, at no obligation to me, a demonstration 
| of the new Sureweld D-C Rectifier Welder. 

Name Position 

| Firm 

| Address 

City Zone State 


Constant-torque table speed can be 
varied trom Oto | rpm. Higher speeds 
ean be supplied if desired. Built-in dy- 
namie braking eliminates coasting or 
overrunning when the current is off. The 
table may be rotated through 360 deg, re 
gardiess of tilt position. ‘Table direction 
can be instantly reversed. To eliminate 
back lash the table drive is powered by a 
spring-loaded worm gear. Finger-tip con- 
trol of both table and tilt makes accurate 
positioning quick and easy 

Write for prices and additional informa- 
tion to Leader Welding and Manufactur- 
ing Co., 2418 Sixth St., Berkeley 2, Calif 


Argon 


Argon, a tabulous ‘lazy’ gas that has 
gone to work for industry, is now being 
commercially extracted at the Houston 
Oxygen Co.'s new million dollar plant in 
Houston, 


The air is filtered and compressed 


through five stages to 2350 psi. As it 
passes through an expansion engine, the 
air is reduced in temperature to 170° C. 

The air then goes into « huge, towering 
rectification column where it is liquefied 
and broken down and the components are 
removed at various levels 

The crude argon gas goes through the 
tower a second time before it is poured 
into a giant balloon suspended from the 
three-story ceiling. From there it is fun- 
neled to the purifying plant 

The first two refining processes remove 
all but a trace of oxygen. The final step 
sends the impure argon into a furnace 
where hydrogen is introduced to combine 
with the oxygen to form moisture which 
is drained off. This leaves the argon 
99.92, pure, in its most refined state. 


Heavy-Duty Automatic 
Welding Machine 


Leader Welding and Manufacturing 
Co. has announced the development of a 
new automatic welding machine for use by 
large mining firms, aggregate crushing 
companies, steel mills, government agen- 
cles, general job shops and the general 
construction field. 


irgon gas is “poured” into this giant 

balloon suspended from the three- 

story ceiling at the Houston Oxygen 
Co. 


The colorless, odorless and tasteless gas 
that is present in every breath of air we 
take is now being bottled in a large-scale 
production for specialized welding of 
stainless steel, aluminum, magnesium, 
titanium, copper and carbon steel The 
gas is also used for filling light bulbs, 
fluorescent and neon tubes 

The Houston Oxygen Co.'s argon plant, 
the only one in the South, works in con- 
nection with its liquid oxygen and nitro- 
gen production 

Since the atmosphere contains 0.0°, 
argon, it is a matter of rectifying the air 
and breaking it up into its components 
which are principally nitrogen, oxygen 
and argon, 


This new unit, called the Model 650 
Leader Automatic Welding Machine, is 
ruggedly built for heavy use. It is tailored 
to the needs of the industry and features 
an all-new consolidated finger-tip control 
panel; dual, adjustable, spring-braked 
rod-reel holders; motorized (20-1 ratio), 
acme-powered, 8-ft cross arm with side 
beam carriage ; a motorized pedestal 
which is also aeme-powered and has a 
6-ft push-button-controlled lift and ean be 
rotated through 360 deg; a heavy-duty 
automatic welding head complete with 
assorted contact tips, tip extensions, 
adjustable rod feed rollers; automatic and 
manual bead lapping control; a carriage 
equipped with angling device for head, 
rectifier d-c source of welding current, 

All incidental wiring is harnessed to 
allow 3-phase, 220/440 v, 150/75 amp con- 
nection at point of installation. 

For prices and additional information 
please write to Leader Welding and Manu- 
facturing Co., 2418 Sixth St., Berkeley 2, 
Calif. 


New Products 


One-Ton Positioner 


Arsonson Machine Co., Areade, N.Y 
manufacturers of welding positioners, has 
added « 2000-lb capacity model C2000 to 
their line of Aronson ‘Universal Bal 
anced” positioners, previously limited to 
their 500-Ib capacity model C500) and 
1000-lb capacity model C1000. The new 
I-ton rated machine provides the same 
“finger-tip’’ positioning of any size work 
piece from 10 lb to L ton. Bearings are 
Timken Taper Roller Bearings and_ all 
components are rugged and precise. [t is 
a truly universal machine capable ol 
almost instantly positioning large work 
pieces which ordinarily require up to a 
minute to relocate using other means. The 
main uses will be found in welding where 
down-hand positions result in much faster 
weld deposit and higher weld quality 


Pipe Joints 


A new tool for quick, precise laying out 
of pipe joints is announced by the Contour 
Marker Corp., Compton, Calif. With this 
Contour Marker it is claimed that the 
average pipe joint can be marked for cut- 
ting in less than five minutes. An articu- 
lated arm with soapstone point and a dial 
marked in both degrees and pitch are 
mounted on a base which is curved to rest 
on pipe. When the dial is set to the ce 
sired angle the jointed arm traces the cut- 
ting line clear around the pipe This de- 
vice is intended to speed up pipe layout 
and to prevent the waste of man hours and 
cutting gas which occur with old-fashioned 
“eut-and-try”’ methods. Two models are 
available: Standard for pipe ranging from 
1'), to 18 in, in diameter; Jumbo from 16 
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Royal 
Welcome 


? For America’s most honored 


A At no other place and at no other time in 1953 
y will the power and vitality and productive genius 
of the vast and basic metals industries of 
America be so forcefully and so clearly 
demonstrated as in Cleveland’s Public 
Hall this October. 
Here... in bold, animated, live-action display 
will be the newest... the finest . . . the most 
} wanted developments . . . and here, too, 
will be the alert, the wise, the 
idea-seeking men who make the metals 
industries go forward. 


NATIONAL METAL EXPOSITION 
NATIONAL METAL CONGRESS 
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METALS EXPOSITION 


to 48 in. in diameter Instructions for 
making jomts of various angles are in- 


cluded with each instrument 


Cable Connector 
for Heavy Duty 


Bertel Ave., Mount 
Vernon, N. Y., announces the “Dalweld”’ 
Detachable Welding Cable Connector, 


designed to eliminate accidental diseon- 


Dalweld Co... J 


nection and constructed for rough usage. 
Connectors have an expander-type male 


end which makes « large area contact 


When this is inserted into the female end 
with «a quarter turn it makes a wipe-joint 
fit lor complete electrical contact, which 
assures maximum conduetivity Cur- 
rent-carrving parts are made from bat 
brass, machined to close tolerances. Cas- 
ing is a heavy-duty insulating fiber tube 
The connectors are made for both solder 
and mechanical connections, in 400- and 
6HO0-amp capacities, and are shipped com 
plete, ready to be attached to the cable 


Consumable-Electrode 
Gras-Shielded Welder 


New welding equipment for the con- 


sumable-electrode gas-shielded welding 


process has been announced by — the 
General Electric Co.'s Welding Depart- 
ment 

Called Fillerars 
pected to advance the field of application 


the apparatus is ex- 


of high-speed, high-current-density, gas- 
shielded welding which heretofore has 
been hampered by the necessity of using 
eXisting Welding generators not specifically 
designed for this process, G-E engineers 


said 


Welding Generator 


The Fillerare welding generator is un- 
others used this process, 
Rated at 450 
amp continuously, it has a rising volt- 
As current is pro- 


like any 
mee ording to engineers 


ampere characteristic 
duced by the welder, the voltage generated 
increases, making the process completel 
self-regulating. 

Designed to give constant are length, the 
new welder produces any current required 


up to its full rating. Thus, it is prepared 


for any wire feeding speed and will supply 
the current necessary to melt off the wire 
Machine set- 
tings are for are length only and no current 


at exactly the rate it is fed 


calibrations appear on the dial. 

Once are length is set, the operator can 
change wire feed (the only other variable 
to be controlled) even while welding, with- 
out the necessity of readjusting the welder, 

The Fillerare welder’s open-circuit volt- 
age, between 10 and 30 v, will not sustain 
long ares, greatly reducing the possibility 
of burn-back. It will not change its set- 
ting during operation and it makes un- 
necessary the use of elaborate feed-back 


controls for fully automatic welding 


Welding Gun 


The Fillerare gun contains knurled feed 
rolls for pulling the electrode wire from a 
spool mounted in the wire drive unit, a 
trigger to control wire feed and gas flow, 
and an electrical contact tip. It is water 
cooled with a rating of 400 amp continu- 
ous d-e. The gun is capable of feeding 
wire from 0.030 to 0.093 in. in diameter of 
aluminum, steel alloys and other metals, 
with no special temper required 

The hazard of kinked electrode wire is 
eliminated inasmuch as the wire is 
“pulled’’ instead of “pushed” through the 
gun. Thus, smaller diameter wire can be 
used with the Fillerare equipment, greatly 
increasing its range of application 


A-C. Welders 


Now available Metal and 
Thermit Corp., or any of their distributors, 
are the redesigned 300- and 500-amp a-c 
Housed in handsome new cases 


through 


welders 
they incorporate a number of advanced 
features: 

1. Fast range; changing made easy 
with a new range switch; no 
leads to unplug, no connections to 
make, 

Power 
permits turning off current at the 


saving; primary switch 
welder between welds 
3. Case stays cool; large fan forces 
adequate ventilation to all parts. 
These are only two of the 66 various weld- 
ing machines available 


New Products 


For further information write Metal and 
Thermit Corp., 100 I. 42nd St., New York 
17,N.Y 


Welding Torches 
Two new welding torches -one of which 
it is claimed can double a welder’s produc- 
tion by reducing waste time between 
welds—-are now available from Marquette 


Manufacturing Co. of Minneapolis 


The Model J Aireraft Welding Torch 
(illustrated at top, above) has special 
“QO” Ring Seal construction to eliminate 
gas leaks and avoid unnecessary servicing 
The torch is available with eight tip 
assemblies giving a welding range from 
20-gage to in. Marquette’s Model L 
Aircraft Cutting Assembly (shown above, 
below torch) although little in size, cuts 
up to 2-in. steel with ease 

The all-new Model H Instant Heat 
Automatic Welding Torch 
light flame) produces full 
instantly. This Marquette torch makes a 


with pilot- 
preset” 


welder’s time more productive by elimi- 
nating relighting and readjusting between 
jobs. The Model H Torch also is more 
economical to operate because it saves as 
much as one-half the oxygen and acetylene 
usually lost between welds. 
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Zirtung Welding Rod Poster Modern Measurements sium as a whole ran the theme of co 
operation between aluminium founders 
\n attractive four-color poster showing Instrument ol Modern Measure nd the users of lumina castings 
the advantages of Sylvania’s new Zirtung ments is the title of a new 34-page book vith the object of ensuring high-quality 
Welding Rod over ordinary tungsten rod ublished in two colors by Brush Ele nroducta with n imum efficieney of pro- 
” tilable to welding supply distribute tronics Co It illustrates and deseribes luction througt thorough understanding 4 
om the Tungsten and Chemieal Division  6different instruments, especial f the desien problamsa involved 
of Svilvania Electric Products, engineered and produced for electrical 
Towanda, Pa. The poster is designed phvsieal measurements 
se or eounter or to ‘ stunee-welding mensurements textile 
be hung ona wall, Zirtung rod’s advar measurements, ultrasonic energy applies 
tages of negligible contamination and electro-acoustical measurements Catalog Pages 
duced electrode constmption are et Several new instruments are included 
out in the copy and photograph hi is well as improved model National Welding Supply Assn., 1900 
poster measures 16'/. by 20 in A fou Of special interest to research engineet Arch St., Philadelphia 3, Pa., is) issuing 
color streamer measuring by 20 methods and production engineers, factor copies of their Officval Standards for Cata 
included with the poster uperintendents and other production and og Page or D hutor Salesmen and 
research executives, this booklet will be ( ounter Cata Unanimously adopted at 
sent free of charge Send request on our Its recent Cineinnath convention 
letterhead to Sales) Promotion Depart In the letter secompanving the Stand 
Waeldins Ave.. Cleveland 14. Ohio tarv-Trensure pomits out that these 
wha ts Lectuser ot the Co ata include dimensions 
lege Technology Manchester lol Stundaurd Ca ov Pages but alse 
ind Dipl. Ing MSC. Teel recommenda th Punching, Pa 
MI.Mech.] M Inst.W.. Mem.AS.M] per Stock, ind: Tdentification 
ymposium on i Colors far Price Sheet 
welding in its various methods and 1 Symposium on Aluminum Alloy Cust 
numerable applications needs a combined ings, November 1952. Price 4 Shillings 
Heavy paper covers, 223 pages Aluminum Fabricating Service 
ing, electrical engimeenng metallurgy The papers discu sed at the Association 
chemuistt ind perhaps also production Symposium 1952 dealt in particular with Nlore manulacture upping their | 
engineering design problen ind found: technique in production ere ing purchases 
The book will be tound ole relation to requirements of users of alumi ibricated rt ind subassemblies 
students taking the Institute of Welding num alloy casting On this occasion. the weording to ¥ booklet, Catalog of 
nnd conseq ue ntl ver papers ver’ presented ind) discussed u published by Reynolds 
imply covers the City and Guilds’ svllabu twee in Birmingham on November 611 Fabricating Service 2001 S Ninth St 
in the subject na Londor N Ve miber Lith Loui Pha 24 \ 
The author had many vears of industria At each center, the Symposium wa 1 1-in. booklet explains that this leaves the 
experience both here and abroad, betors divided into two sessions with five papers manufacturer free to concentrate his own < 
he became chief mechanical engineer t in the morning and four in the afternoon produetion ithe my oassemblhy and fin 
\lessrs, Cooke and Ferguson Ltd \Ian A useful discussion resulted. and the verbal] hing weration 
chester Since 1947, he has devoted hi contributions have been amplified in writ Phe publication relates how the Rev 
time to research ind tenching at the ten communientions The Authors Re nold Part Divisi first) set up by 
chester ollege ol Technolog plies to the Discussions have been pre he olds Metals Co World War I] to 
Price, 25s, net pared in the light of the complete contribu upp Dbinnked out parts to ireratt 
tions naker yl nih instead of sheet 
Che papers covered a wide range of in ived handling d shipping costs on the 
Resistance Welders terest within the field of aluminum allo seruy thie erup loss in 
isting including surve of research tanking oper ! It alse permitted 
Progressive Welder Sales Co.'s ite vor] the assembly of aluminum con other \ necessful perform 
Pietorial No 5301 entitled Standa ponents by velding i subject of great low kill) ane 
Welders with Sper al Tooling, has just interest in relation to unit rigee lit othe nulactures to 
released It shows the rivantuge ind paper or lesign these ithe slouch were continu 
purchasing standsrd Progressive The eon luding paper Phe Future ul eninrged 1 meet the demand 
vhich are built to take wide variet ’ Outlook for Aluminium Casting pro Pod ! 1 urers of washing mia 
tooling such as Hopper Feeds, [Indexing ided a concise summary of the present biinve reirig te electric ranges and 
Tables, and Automatic Clamping Device position and at greater length an indices hundred ) thie tk have found thes 
When converting jobs, on! the te thon of trends for aluminum castings in the n obtain the use of millions of dollars 
must be changed. Copy may be obtained irious fields of application, both new and vorth of equipn t without investing a 
from Progressive Welder Sales Co ao7u stublished Through this final contribu nyvle penn aol the owl paying only 
! tu lelivered 


Outer Dr... Detroit 34. Miel tion and indeed throughout the Syvmpo 
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Hard-Facing Electrodes 


Alloy Rods Co., 
new 12-page catalog in color on its lines 


York, Pa., has issued a 


of Wear-Are hard-facing electrodes and 
Wear-Flame hard-facing rods, offered in 
nine and four basic types, respectively 

Catalog copy is written from the “how 
standpoint, and three pages are 
devoted to an “Application Guide,” citing 
wear parts, types of wear and the correct 
electrode or rod to use in 13 major indus- 
trial applications, on about 75 common 
types of hard-facing problems 

Copies of this Wear-Are/Wear-Flame 
catalog may be secured by writing Alloy 
Rods Co., York, Pa.. 
letin ARSS-20 


and requesting Bul- 


Arewelding Machines Catalog 


Over 20 different models of are welding 
machines are fully deseribed in Air Redue- 
tion’s new Arewelding Machines Catalog 
A\-c, d-e and inert-gas models are ilhus- 
trated with complete descriptions covering 
specifications, features and electrical data 

This 44-page catalog also includes see- 
tions on the accessories and electrodes re- 
quired to perform a particular are-welding 
job 

Included in Aireo's complete line of are 
welders are d-c  motor-generator and 
engine-driven sets, d-c selenium rectifiers, 
machines specifically developed for 
Heliwelding applications, and wide 
range of a-c transformer welders Also 
discussed in the eatalog are various types 
of running gear, foot controls and an auto- 
matic are-welding head 

Request a copy of this new catalog by 
writing Air Reduetion Sales Co., 60 EF 
f2nd St., New York 17, 


Hard Facing 


A series of S'/o- x engineering data 
sheets for the Welding, Metals and Design 
Engineering field is now available from 
Wall Colmonoy Corp., 19845 John R St., 
Detroit 3, Mich. These sheets give infor- 
muition pertaining to the application of 
Colmonoy nickel-base and iron-base hard- 
facing and Spraywelding alloys that resist 
corrosion, abrasion, impact and galling 

Typical industrial equipment appliea- 
tions are deseribed detail including 
procedures, part sketches, equipment re- 
quirements and results 


Hard Facing 


A comprehensive and analytical study 
of hard facing, its application and its wear- 
resisting qualities wherever impact and 
abrasive conditions exist, is contained ina 
new 52-page brochure published by the 
Mir-O-Col Alloy Co. of Los 
Calif 


Angeles, 


This report incorporates the latest data 
and instructions on hard facing, as well as 
new information about Mir-O-Col’s own 
line of hard-facing metals. A special 
section of the report, the application In- 
dex; recommends specific hard-facing rods 
for over a thousand individual pieces ot 
equipment subject to impact and abrasion 

The technical data section of the pro- 
fusely illustrated brochure is written by 
experts in the field of hard tacing. It 
records vital information such as what 
metals can be hard faced; effect of heat 
on metals; depositing single narrow heads; 
hard facing with moderate build-up and 
other pertinent technical information 

Copies of this graphic 52-page brochure 
may be obtained by writing to the Mir-O- 
Col Alloy Co., 312 N 
Angeles 31, Calif 


Avenue 21, Los 


Eutectic Announces 
Welding Developments 


Kighteen new 1953 welding develop- 
ments have been announced by lutectic 
Welding Alloys Corp. of Flushing, N. Y., 
in an S-page simulated New Products 
Vagazine 

The new developments cover welding 
materials used in maintenance as well as 
production on all metals and at various 
application heats 

Free copies of the new booklet, TIS 
1621, may be obtained by writing Eutectic 
Welding Alloys Corp., Dept. “P,"" 40-40 
W72nd St., Flushing 58, N. ¥ 


Are-Welding Procedures 


A new reference table designed to help 
fabricators of tubular materials has been 
published by the Tubular Products Divi- 
Babcock Wilcox Co 
Known as “Summary of Recommended 
Are Welding Procedures for Various Steel 
and B&W Croloy Combinations,” it out- 
lines pertinent details to be observed in 


sion of The 


joining similar and dissimilar alloys by are 
welding. It covers carbon, intermediate 
chromium molybdenum alloy steels and 
stainless steels and outlines the electrodes 
to be used and suggests the preheating and 
postwelding heat treatments to be em- 
ployed in obtaining satisfactory results. A 
handy reference table, it will be of interest 
and value to all those involved in the weld- 
ing of materials. 

The data card, TDC-155, is available 
without charge upon request to the divi- 
sion’s general sales offices at Beaver Falls, 


Beryllium and Its Alloys 
Described in New Booklet 


Beryllium products, including the pure 
metal, oxide and alloys, are described in 
the Beryleo Product Directory, « 20-page 


New Literature 


booklet recently published by the Bery|- 
lium Corp., Reading, Pa 
development of this unusual metal, the 


A pioneer in the 


Beryllium Corp. maintains the most 
highly integrated facilities in the industry 
and is the world’s leading producer of ma 
terials incorporating the element berv! 
lium. 

The Beryllium Corp, produces standard 
master allovs of beryllium copper and 
beryllium aluminum and special master 
alloys, such as ferro-beryllium and beryv! 
lium nickel, which the user remelts and 
further alloys to his own composition 
dilution, 

Copies of the Beryleo Product Directo 
are available without cost from the Berv! 


lium Corp., Reading, Pa. 


Safety 


Working Together for Safety is the tithe of 
the National Safety Couneil’s new em- 
plovee rules manual. The handy 32-page 
booklet contains instructions in safe work 
habits applicable to employees most 
plants. 

The practical experiences of workers, 
supervisors and safety specialists have 
established the safe practices covered, 
beginning with « list of general safet 
regulations and continuing with special 
sections on machine operation, hand tools 
power tools, protective clothing, fire pore 
vention, materials handling and man 
other related topics 

Bound in a heavy paper cover and 
printed in two colors, Working Together fo 
Safety will serve as a permanent guide and 
handy reference for each employee. For « 
free sample copy and prices for quantities 
write the National Safety Couneil, 425 
N. Michigan Ave., Chieago 11, Ll 


Automatic Welding Described 


Features and advantages of the constant 
voltage type of welder for automatic 
processes such as inert gas, submerged 
seminutomiat 


are, stud welding and 


welding are described in a new 4-page 
Brief specifications for 500- 
and 1000-amp models of Glenn Constant 


brochure. 
Voltage Welders are also given in the 


literature, available from the Glenn Co 
3134 FE. 10th St., Oakland 1, Calif, 


Titan Facilities 


A new 
Metal Manufacturing Company describes 


t-page folder issued by Titan 


Titan's depot facilities for quickly supply- 
ing brass rods, fabricated parts and othe: 
brass products to users The folder 
pictures 3,000,000 pounds of brass rods 
maintained in Titan's mill depots for 
quick delivery to warehousers, distributors 
and users, 

The folder is available free from the 
Customer Service Division, Titan Metal 
Manufacturing Company, Bellefonte, Ps 
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longer die 


increased production, 
lower costs, with 


hard surfacing 
welding rods 


Consolidated Industries. Inc... West Cheshire. Connecticut. greatly 


Aircraft housing bearing 
forged of Rem-Cru RC 70 


titanium. (A) Trim die; 


increased die life and lowered production costs by hardfacing hot trim 


dies with Crucible REAWELD. 


(B) Forging 


Rexwelded dies give higher edge strength at elevated temperatures, 
resist chipping and deformation, and keep clean, sharp cutting 
edges... all of which means longer. more efficient service from an 


e\pensive die. 


Rexwelding reduces rejects to a minimum, too. This is particularly 


important when working alloy steel or critical material such as 
the highly stressed aircraft housing bearings shown above. These 


were produced from Rem-Cru RC 70 Titanium to close tolerances. 


Use REXWELD for all your hard surfacing jobs. Surfaces can be 
Rexwelded many times — greatly increasing the service life of the part. 
RENWELD Hard Surfacing Rods are available in both bare rods 
and low hydrogen coated electrodes. in a wide selection of grades 


and sizes to fit your specific application. 


| |CRUCIBLE| first name in special purpose steel 
53 of REXWELD HARD SURFACING ROD 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA 


REX HIGH SPEED ° TOOL ° REZISTAL STAINLESS ° ALLOY ° MAX-EL MACHINERY ° SPECIAL PURPOSE STEELS 
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CURRENT WELDING PATENTS 


2,044,067 
Wetping Aprranate 
Watson, Birmingham, Ala 
H0% to Aaron Sachs 


Portarie 
Coleman H 
assignor of 
Sessemer, Als 
This patent relates to an electric-resist- 
ance spot welder wherein a welding gun is 
provided and has a shell type housing di- 
vided into three sections one of which ex- 
tends from end to end of the housing and 
the other twoof which extend only partially 
from end to end thereot Phe sections are 
electrically insulated from each other \ 
welding transformer is provided in the 
housing and it includes «a hollow core with 
a primary winding on the core and a two- 
conductor secondary winding located in 
the said core with each conductor having 
one end electrically connected to the con- 
tinuously extending housing seetion and 
the Opposite end thereot connected to one 
of the other housing secttonms bileetrodes 
are connected to the other housing see 
tions and means are pros ided to supply the 


primary with alternating current 


2.014.068 


J. Graham 


Weeping Devices Harold 

Highland Park, Mieh., as 
signor to Graham Manufacturing Corp 
Detroit, Mieh 


gan 


corporation of 


Ciraham’s patent relates to the combina- 
tion of a welding gun having a power- 
operated actuator for exerting forging 
pressure as a stud is being welded to a 
workpiece with a sleeve slidably mounted 
on the actuator and with «a ehuck fastened 
to the end of the sleeve for securing the 
stud means are interposed 
tween the sleeve and the actuator for in 
tially moving the chuck with the actuator 
to bring the stud into contact with the 
work piece The elastic Tews are adapted 
to absorb the rebound of the actuator 
subsequent to the blow and to maintain 
the chuck relatively satisfactory so that 
the stud remains in contact with the work- 


piece during the welding 


2.044,009 
Wire Bort tHe Same 
Albert 1 Pitve 


roR CUTTING 
ro AN ELEMENT 
Clifton, N. J 
Special wire cutting and welding appa 

ratus of the class indicated is covered in 

this patent The apparatus relates to a 

machine for welding wire to a metal part 

and includes a carriage mounted to recip- 
rocate upon a support and wire gripping 
means mounted upon the carriage to hold 
the wire so that its longitudinal axis ex- 
tends longitudinally of the direction of 
electrode 


movement of the carriage 


OOS 


prepared by }.. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D.C. 


means are mounted upon the carriage and 
contact wire and other means connect 
such electrode means with one pole of a 
source of current and the metal part to 
which the wire is to be welded with the 
opposite pole of the source of current The 
carnage moves the wire into contact with 
the metal part 
2.644,070 — “TN err-Gas-BLANKETED 
Rov Freep,’ Harry T. Herbst 
Belleville, J 


assignments to 


assignor, by mesne 
Union Carbide and 
Carbon Corp. a corporation of New 


York 
The patented welding method comprises 
maintained an eleetrie are between the 
tip of an electrode and a welding zone ot 
the metal to be welded. passing an annular 
stream of gas contaming inert noble mona- 
tome gas along and concentme with the 
electrode to blanket the are and molten 
portions of the metal during the welding 
operation and advancing the welding 
zone and blanket along the line of weld 
\ separate stream of gas is tlso advanced 
apart trom but in tandem with the first 
mentioned stream on the same side of the 
metal being welded, which gas is distrib- 
uted along the line of weld to blanket the 
welding joint following behind the welding 
zone, 
2.044, 109 
ING TRANSFORMER,” 
Appleton, Wis., 
tric Manufacturing Co 


Current 
Allan ©. Mulder 
assignor to Miller 
Appleton, Wis 


corporation of Wisconsin 


“VARIABLE 


This patent relates to an are-welding 
system wherein the secondary of a trans- 
former is connected through a reetifier to 
an are-welding electrode and to the work to 
be welded \ magnetizable control core 
is linked with the secondary of the trans- 
former independent of the primary while 
a control coilis wound on the control core 
and connected to the rectifier for feedback 
therefrom Means control the amount of 
feedback to the control coil and conse- 
quently the degree of saturation of the 
control core whereby the rmped ince in the 
transformer secondary circuit can be vat 
ied to control the current output of the 
welding electrode 


2.044,159 Fack anp Eye Provrecrive 
ror Joseph Ja- 
cobs, Minneapolis, Minn., 
Jacobs Wind Electrie Co 
Minn 

2.044, 160 
set LeENsEs,”’ Joseph H. Jacobs, Min- 


te 
Minneapolis 
a Corporation of Montana 


WELDING SHIELD Orr- 


neapolis, Minn., Assignor to Jacob Win | 


Current Welding Patents 


electric Co Minneapolis, Minn., 
poration ol Montana 


2,644,161 —"Werper’s Heimer Leslie 

A. Mever, Mill Creek, Indiana 

These patents relate to a spect ib type ot 
a protective shield especially adapted for 
use by welders, The shield has protective 
lense that can be brought to and from 
operative association with the welder’s 
eves at anv time by the welder or other 
person Wearng the protective shield) on 
helmet 


2.044.879 Wounp 
GATED Tusing,” Daniel Paul 
Schwester, East Orange, N. J 


(ORR 


by mesne assignments to Titeflex, Tn 
Newark, N. J 


chusetts, 


corporation of Massa 


Apparatus for making helieal seam tul 
ing is covered in this patent. The appara 
tus includes a mandrel for supporting the 
convolutions of tubing. mechanism thet 
rotates the mandrel around its longitudinal 
axis and guide means through whieh «a 
metal strip is supplied to the mandrel ins 
direction to helix around the 
mandrel and with adjacent edges of sus 
cessive convolutions overlapping one an 
other to form a seam A welding wheel 
Is positioned for pressure contact against 
the outer surface of the tube to elamy the 
seam edges together, while means are pre 
vided for stripping the tubing trom. the 
mandrel as the tubing is formed. Cooling 
means are present in the apparatus to 
flood the welding region with cooling lig 
uid while the wheel is operating to weld 


the seam in the tubing 


2.645.006 
APPLYING 


Mi ANS POK 
Mari 
Ievansville 
New York 
N. Y., & corporation of Delaware 


“METHOD AND 
Brirrek Brazing 
Orval P. Hadley 


Ind... assignor to Servel, Ine 


RIAL,” 


Hadley’s patent relates to a method ot 
bonding a joint between metal parts and 
it comprises applying beads of a brittle 
brazing material in spaced relation on the 
periphery of a flexible strip of suitatle 
The beaded 


strip is wrapped around one of the parts 


noncontaminating material 
adjacent the joint and the assembly 

heated to a temperature at which the 
beads of brazing material fuse and flow 


into the joint, 


2.645.237 AND 
Charles R 
tudy, N.Y. 


Richter’s patent relates to a relativels 


tichter, Sechenes 


detailed construction of a combined weld 
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Ing and cutting toreh which has a specia 
tip tor receiving, interchangeably, nozzles 
onverting the torch from a welding to 


1 cutting torch and vice-versa 


2.645,475 UNIVERSAL GAs CUTTING AN 
Apparatus Van Buskirk 
( ildwell N J issiphor 
Air Reduction Co.. Murray Hi 
corporation of New York 
\ universal gas-cutting and welding ma 

chine as disclosed in this patent, which 

meluides i toreh tor Support 

Ing a toreh, means supporting the torch 

bar for substantially universal movement 

ina plane and a manifolding means adja 
cent the toreh bar The first group of 
hoses are supported independently of the 
torch and the toreh bar for supply Wig was 
ter the mantifolding means While a second 


group otf hoses are provided for deliverin 


yas trom the manifolding to the torch \ 
movable supporting structure is provided 


or the manifolding means to support. it 
Independently of the toreh bar and the 
torch bar supporting means Such struc 
ture additionally supports the manifolding 
means for universal movement substan 


tially identical to the univer movement 


2.645, 708 GaAs-SHIELDED Are 
Apparatt Robert Dahl 


Hinsdale, TL, assignor of one-half to 
Advance Transtormer Co., Chicago 

This welding apparatus is adapted to 


ovide a butt joint between a pair of 
ind includes a carriage having 


pluralit of welding heads 


thereon Standard ire pre 
Vided tipon a support ind have the « 


Means sare 


provided tor controlling the flow of ele« 


slidabl mounted  thereor 


rical current to the welding heads ce 
pendent the operative or 
tive position thereof with relation to the 
metal vorkpieces Othe: 


the weld head out of position, stop move 


ment of the carriage and stop flow of cur 
rent to the other heads simultaneous! 
vhen the end of in operative stroke of the 


carriage os reached 


VENT FOR Rattway Cars or THe Pa 

SENGER TRAIN Typt Albert Gi. Dean 
Narberth, Pa wsignor to The dud 
Philadelphis 


nosvivanin 


2 46.009 UNDERFRAME 


corporation ot 


his patent relates to speclal com 
ponent t railway car wherein portions 
of the underframe are of a welded construc 


Thon 


2,646,267 Rerorr ror Heating vit 
OF SKELP IN THE MANUFACTUR 
or or Welling 
ton W Westfield, N. J 
assignor to Air Reduction Co... Tne 
corporation of New York 


Kuntz, Jr., 


\ specialized apparatus of the ty 
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246,401 
Clvde Coates and Arthur J. Wi 
liams. Warren, Ohio, assignors to Fed 
ral Machine and Welder Co... Warret 


Ohio. corporation of Ohio 


Apparat 


idapted to join cor 


Chis apparatus 


tizuous edges of sheet material and it ou 


joming rotatable about an 
is and also shifttable longitudinally of the 
Joining means are engagable witl 


the contyzuous edges in seam-torming re 
lation and rotatable there along to form 
the seam. Other means are provided in 
the apparatus for turning the plane of ro 


tution of the joining menns 


ConTROL OF AR 
Usep IN Wenoing on Meran Seray 
William Kdward Bal 


Birmingham, England 


ING Proct 


id, Harborne 


This apparatus includes chamber 
hy an inlet port lor gas imma hy 
orifice for gas, and electrode supporting 
Deus are provided in the chamber The 
electrode in the chamber has an are-forn 
Ing extremity positioned in the locality o 
the orifice while a body of radioaetive ma 
terial is supported within the chamber i 
the path of gas passing through the cham 
ber Such material 1 it a distance from 
the electrode extremit 


corres ponding 


the ton-pair forming range of the material 


APPLICATOR BARS 


WEDGE BARS 
e SPECIAL SHAPE APPLICATOR BARS 
e HOT ROLLED PLATES e SPECIAL TITE-KOTE 

AND BARE WELDING ELECTRODES £ 


<li> HARD SURFACING 


WELDING ELECTRODES ment. Also FREE 


STULZ>SICKLES co. DISTRIBUTOR 


Ako-WELDING 
Miuneie, as 
nor to Ontario Manufacturing Co 


poration of Tndinns 


Phe welding chine of this patent os 
idapted for welding «a linear and a curvi 
nen wee the edges of two jun 
ta posed piece material Phe appara 
tus mmehucde in electrie are welder with an 

etrode mo supported thereon to 
maintain the electrode at a fined angle 


With respect te tlie velded jJomnt to he 
provided for the 


pieces of material to hold them with thei 


edges juxtaposed to present a joint) and 
mean ire pre | the holding 
means ins line curvilinearly di 
rection past the elding electrode Other 
tries ire presentin the apparatus 
erative i minted with the electrode 
supporting mena ind electrode feeding 


i electrode Supporting 


thie i { onstunt 
the ele 1 ind the joint regard 
ess of variation the contour of the 
2 46,494 ror Corping Mats 
RIALS BY ftobert Wo Fegan, Ken 
more, N.Y ignor to George B. Hart 
Rochest corporation 


Fegat ipparatus ineludes a grounded 


on speedy 
ind economical re 
pair of worn equip 
Manganal Wa | 


r rt e 


UPON REQUEST 
PROOUCERS N. J. RAILROAD AVE NEWARK, N J WW Ulf 


f, 
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Look to with cont” ~4 SQver a the 
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are placed 


ducting member is carried by the frame 


and extends forwardly to 


with its free end above 


LIST 


boxlike frame having a planar 
face upon which the materials to be cut 
\ gooseneck-shaped con- 


top sur- 


position 


opening minal, 


provided in a front portion of the frame 


nected to the end of the gooseneck-shaped 
member and extends down through the 
opening in the frame to connect to a ter- 
The material to be cut is then 


\ high-resistance conducting wire is con- and the 


heated, 


MEMBERS 


moved into cutting relation with the wire 


gooseneck-shaped member Is 


sufficiently resilient that it tends to move 
away from the frame to maintain the wire 
taut as the wire lengthens due to being 


A—Sustaining Member 
B—Member 


ARIZONA 


Barthalow, Grady 
enfield, Alford J. 0B) 


BIRMINGHAM 


Thigpen, Kenneth A. CB) 
Trnbble, Robert MI CB) 


BOSTON 
Nowell, Richard M. (B) 


Perry, Timothy Gordon (D) 


Williams, Ralph A. 
BRIDGEPORT 

Hines, John Frederick (C) 
CHICAGO 

Stocking, DOC) 
CINCINNATI 

Sanders, Howard OB) 
CLEVELAND 


Colley, Harold OC) 
Long, Roger Alden (B) 


DALLAS 

Jackson, A. OB) 
DAYTON 

Breehtel, Christ (C) 
DETROIT 


Angove, Wendel (B) 
Barany, Albert (B) 
Banwart, Reuben OB 
Gongla, Ted (1B) 
Heller, M. OB) 
Johnson, Nei OB) 
Kaestner, T. W. (CB) 
Ludwig, Llovd (B) 
Martin, L. P. (C) 
Thom, Otto (B) 
Weir, Karl (B) 


EAST TBXAS 
MeCullin, Carl O. 


HARTFORD 


Stivenson, Paul 
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rion 


C—Associate Member 
D—Student Member 


HOUSTON 


Baughman, John Paul (C) 
Berry, L. (B) 

Biziak, Carl D. 
Burkes, T. L. (B) 
Campbell, Clarence (C ) 
Carsten, Frank C., Jr. (B) 
Dver, C. G. (C) 

Eenderle, B. B. OB) 

James, Ralph, Jr. (B) 
Lund, Leonard J. (B) 
McClintock, George A. 
MeDaniel, C. C. (C) 
Morris, Herman (B) 
Pollard, Albert H. (C) 
Reed, Virgil C. (C) 
Speights, D. M.(C) 
Warner, Paul C. (B) 
Weverman, W. C. (B) 
Wilkes, Harold D., Jr. (B) 
Willard, J. 1. (C) 


INDIANA 


Cox, William (C) 
Nugent, Robert L. (C) 


LEHIGH VALLEY 


Lamb, David A. (C) 
LeCron, John R.(C) 
Mack, F. Kenneth (B) 


LONG BEACH 


Hedges, Herbert (B) 
Highie, Ben (B) 


LOS ANGELES 


Chapman, Willard L. (B) 
Curcio, Kugene B. (C) 
Dyer, Dillon M (C) 
Edson, C. B. (C) 
Fenton, FE. Irvin (B) 
Johnson, Luke M. 
Jones, Robert (C) 
LaChance, George (C) 
Lloyd, Tom (C) 

Miller, James L. (B) 
Nelms, Bruce EF. (C) 
Peterson, Winfield A. (C) 
Revell, G. L. (B) 
Schlater, Joseph (C) 
Schlater, William (C) 


Sinder, Jack (B) 

Spear, James D. (C) 
Stegall, Kugene A. (B) 
Whitten, Sam, Jr. (C) 
MAHONING VALLEY 
Smith, Everett William (B) 
Ulmer, Arnole A. (C) 
MARYLAND 

MeGlone, Henry B., Jr. (C) 
Warner, Frank W. (C) 
MILWAUKEE 

Keidel, Ralph A. (C) 
Pomazel, Jesse W. (C) 
Stoch, Ervin G. (C) 
Theiler, Fred 

NEW YORK 

Daub, Albert (C) 

Melzer, Julius F. (B) 
Wade, Sidney (B) 

Zimnoch, Thomas L. (C) 
NIAGARA FRONTIER 
Buckley, Robert BE. (C) 
Tuttle, Aubrey 8. (B) 
NORTHEAST TENNESSEE 
Hockenheimer, William A. (B) 
Yodzukinas, Frank N. (B) 
NORTHERN NEW YORK 
Webber, Harlan M. (B) 


PASCAGOULA 


Blair, M. (B) 
Brister, M. (C) 
Engelbrecht, H. P. (B) 
Pearlman, Harold (C) 
Walker, A. J. (C) 


PHILADELPHIA 
Lippincott, H. S. (B) 


PITTSBURGH 


Dixon, Charles Ralph (B) 
MeDevitt, Francis C. (C) 


List of New Members 


E—Honorary Member 
F—Life Member 


PUGET SOUND 
CGamet, David M. 
Senay, Gene (C) 
SAGINAW VALLEY 
Petrowski, Walter P. 
Richmond, Robert H. D 
SAN FRANCISCO 


Payne, Stanley H. (B 


SUSQUEHANNA VALLEY 
Ebert, Karl H. (B) 

Lewis, Donald (B 
TOLEDO 


Shriver, Carl B) 


TULSA 
Clifton, Llovd B 


WASHINGTON 

Howard, Edward 

YORK-CENTRAL PENNSYL- 
VANIA 

Mathias, Cameron Clyde (B 

Ream, Flovd L. (C 

NOT IN SECTIONS 


Ahman, Harry 
Handa, T. (B) 

Jarnepelt, Risto A. 
Kruyt, H. E. (B) 

Lineau, O. B. (B) 
Olinger, Henry L. (C 
Soucie, Roland J. (B) 
Thompson, Howard kK. (B 


Members 
Reclassified 
During the month of July 


LOUISVILLE 
Odell, Richard (D to C 
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Because they are AMSCO 
“Wear-Sharp”* Repointers 
that stay sharper with use... 


Service life plus! The combination of Amsco Man- 
ganese Steel and the hardness of AMSCOATING 
with Amsco Hardfacing electrodes—gives you a 
tooth that wears evenly and stays sharp longer. 


Note that only certain grooves (shown eK 
in red at left) are Amscoated—the —E 
grooves on the outside and the one on 
each end. This is the area where ordi- 


nary teeth wear fastest. The hardened 
corners on the ‘“Wear-Sharp”’ equalize 


“Wear-Sharp” repointers installed on two dipper 
teeth showing condition of old teeth. 


wear along the entire cutting edge and 
eliminate rounded, blunted corners that 
cut digging speed and waste power. 


Field reports indicate that ‘“Wear-Sharp”’ repointers 
will give as high as six times the life of other teeth. 


In these photographs at right of a typical case 
history, old repointers lasted from three to four 
days. Amsco ‘‘Wear-Sharp”’ repointers lasted 32 
days—eight times the service life of the repointers cs 


previously used. Sharp" repointers used. New “Wear-Sharps” are 
ready for installation. 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Steel Division, Joliette, Que. 
Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd 
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THESE REPOINTERS ARE | 

AMERIGAN MANGANESE STEEL DIVISION 


SECTION NEWS AND 


EVENTS 


Lehigh Valley Officers 


Bethlehem, Pa. The Lehigh Valley 
Section announces the election of officers 
and committee representatives for 195354 
as follows: 

Chairman — A. T. Bavaria 

First ViceChairman—R. 

Bethlehem Steel Co 

Necretary-Treasurer A. Bartholo- 


Somers, 


mew, Lehigh Structural Steel Co 

Chairman, Membership Committee 
Wayne Price 

Chairman, Program Committee—R. 
Somers 

Technical Representative —C. Kreid- 
ler, Lehigh Structural Steel Co 


Birmingham Elected Officers 


Birmingham, Ala. The following offi- 
cers have been elected for the 1953-54 
season by the Birmingham Section: 


Chairman hk. D. MeCauley 

First ViceChairman--k. Owens, 
T.C. Div., U.S. Steel Co. 

Secretary-Treasurer RR. Clotfelter 


Chattanooga Officers 


Chattanooga, Tenn. ‘The (Chattanooga 
Section has elected the following officers 
and technical representative: 


Chairman James W. Koch 

First Vice-Chairman Roy Miteham 

Miller, Sr. 
Welding Gas Products Co, 

Treasurer — Raymond E. 
Brooks Welding Supply Co. 

Technical Representative Lorentz, 
Jr 


Barrett, 


Cleveland Election 


Cleveland, Ohio. The Cleveland Sec- 
tion announces the election of the follow- 
ing officers and committee representatives 
for the fiseal vear 


Chairman Lewis Gilbert, Industry & 
Welding 

First Vice-Chairman Robert Henry 

Second Vice-Chairman Allan P. Stern, 
Colonial Tron Works Co 

Necretary-Treasurer— Robert J. Kriz, 
The James H. Herron Co 

Chairman, Membership Committee 
Robert H. Newton, The Robert H. 
Newton Co. 

Chairman, Program Committee—J. 
Robert Henry 

Chairman, Svmposium Program Com- 


O12 


as relayed to C. M. O’ Leary 


mittee Allan P. Stern Colonial Tron 
Works Co. 


Dallas Officers 


Dallas, Tex. —The following officers and 
directors have been eleeted by the Dallas 
Section for the fiscal 


Chairman—-Milton Eliot Mosher Stee] 
Co. 

First Vice-Chairman Wayne A. Thomp- 
son, Wyatt Metal & Boiler Works 

Second Vice-Chairman— Uarold Mayes, 
Oliver-Mayes Steel Co, 

Edward L. Warren 

Asst. Secretary-Treasurer Val J. Boyd 

Directors at Large--Aubrey A. Stiles, 
H. F. Redlinger, and Robert A. Smith, 
Jr. 


Secretary-T reasurer 


Dayton Officers 


Dayton, Ohio The Maylon Section re- 
cently held an election of officers with the 
following results: 


Chairman —G. O. Williams 

First Vice-Chairman—-Major — Paul 
Marking 

Secretary William Hobart, Jr. 

Treasurer— George 1. F. Theriault 

Chairman, Membership Committee 
Fred Schulmeister 

Chairman, Program Committee Major 
Paul Marking 

Technical Representative—-Albert J. 

Mealy 


New Officers for Erie 


Erie, Pa. The Northwestern Pennsyl- 
vania Section recently held an election of 
officers with the following results: 

Chairman —Fred T. Perry 

First Vice-Chairman —J. HW. Raimy 

Second Vice-Chairman—P. Ristau 

Secretary W. R. Boyd 

Asst. Secretary J. S. Lentz 

Treasurer W. R. Boyd 

Chairman, Membership Committee 

W. Bittle: 

Chairman, Program Committee J 

Rainy 
Technical Representative K. Allen 


Anthony Wayne Officers 


Fort Wayne, Ind.- At a recent election 
the Anthony Wayne Section selected the 
following officers and committee repre- 
sentatives: 

Chairman KK. Zimmerman 


Section News and Events 


First ViceChairman— Gerald Springer 

Second Vice-Chairman D. Rice 

Secretary-T reasurer Jacob S. Creiser 

Asst. Secretary-Treasurer— Mis. Pearl 
Rice 

Chairman, Membership Committe 
R. F. MeNutt 

Chairman, Program Committee— Gerald 

Technical Representative — Delbert Clark, 
Delbert Clark Welding Shop, Water- 


loo 


Officers for Coming Year 


Indianapolis, Ind.— The Jndiana Sec- 
tion elected the following officers and com- 
mittee representatives: 


Chairman—Robert L. Evans, Western 
Electric Co 

First Vice-Chairman James Salatin 

Second Vice-Chairman— Gilbert I 
Foster 

Secretary — Mercedes Spotts, P. Ro Mal- 
lorvy & Co 

Treasurer— Paul F. Grubbs 

Chairman, Membership 
Gilbert L. Foster 

Chairman, Program Committee — James 
F. Salatin 

Technical Representative--C. A. Het- 
fernon, Linde Air Products Co 


Kansas City Officers 


Kansas City, Mo. The following offi- 
cers and committee representatives have 
been eleeted by the Kansas City Section 


Chairman— A. G. Hedstrom, Kansas 
City Structural Stee] 

First Vicet'hairman  G. Demece, 
Westinghouse Electric Corp 

Necretary—D. 
Mig. Co. 

Treasurer M. J Houghton, hoch 


Broderson, Sutler 


Refrigerator Co. 

Chairman, Membership Committers 
M.C. Brink, Air Reduction Sales 
Chairman, Program Committee G 

Singleton, Kirk-Wiklund Co 
Technical Representative Wil- 
liams, Darby Corp. 


East Texas Officers 


Longview Tex. The Kast Teras See- 
tion announces the election of the follow- 
ing officers and committee representatives 


Chairman Fred Salmon 
First ViceChairman—John Dubose 
Second ViceChairman—-Donald Hooks 
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-Don Whitesice 

Treasurer Bob Wood 

Chairman, Membership Committee 
Charley Coulter, Le Tourneau Tech- 
nical Institute 


Necreta 


Chairman, Program Committee— 1 
Wood 
Technical Representative Paul Broad 


Elected Officers, Los Angeles 


Los Angeles, Calif. The following offi 
cers and committee representatives have 
been ‘ le« ted by the Los Angele s Section 

Chairman—-F. R. Drahos, Byvron-Jack 


son Co 


First Vice-Chairman Ss. R Lanier, 


Southwest Welding & Mig 


Secretaryu-Treasurer—F. V. McGinle Fig. 2 shows Mr. Russell standing behind one of his quick change over weld- 
ing set-ups; rigged to repair a huge casting by a constant potential submerged- 
are welding process which he developed 


Chairman, Membership Committee 
J. R. Van Rensselaer, District Steel 


Ine 
Chairman, Program Committee S. 
The newly elected officers and commit Publicity Ciarriott, Ampeo 
Technical Repre sentative John vet representatives are as follows Metil, 
ston, Bell, Calif Chairman —-Werner Gallo, Harnisch 
\ description of a recent meeting ol New Officers 
the AWS Aircraft and Rocketry Panel 

Donald E. Wilson, Wilson Welding Oklahoma City, Okla. New officers and 
was given in the August issue. Sines Co committee representative have heen 
that time we have received two interesting pe Sees a ey ippointed by the Oklahoma City Section as 
photographs which are reproduced below nrninelite ger Corp follows 

Patron Ve mbership Linden- Chairman edgar M. Hotehkiss 
Annual May Party laub, Wisconsin Bridge & Tron Co First Vieehairman 1. Conner 
Party Peter Stern, The Heil 1. Stewart 
Milwaukee, Wis. The annual May Co {sst. Secretary—R. A. Bernier 

Party of the Milwaukee Section held at the Educational Course Elmer Klump, The Treasure Lon Erickson 
Plankinton Sky Room was « huge success Falk Corp Chairman, Membership Committee 
Two hundred members, wives and sweet- Vembership Joseph HTH. Stevens, Cut H_N. Simms 
hearts were present The program con- ler-Hammer Ine Chairman, Program Committee — James 
sisted of the presentation of a past-chair- After-Dinner Speakers — John Linnehan, N. Thompson 
man pin to the outgoing chairman, Emery Jentley Sales Co Technical Representative Marvin 
Garriott, installation of new officers, din- Technical Advisor Ray Fish, Modine Barnes 
ner, floor show and dancing Mig. Co 


Annual Business Meeting 


Pascagoula, Miss. Annual business 
meeting, election and installation of off 
cers of the Pascagoula Section was held on 
June 3rd at the Pascagoula Country Club 


Officers installed for the year are as fol- 


lowe 
Chairman Frank NX. Sandners 
First View’ hairman Richard ( 
Secretary Vincent J. Rose 
Treasure Allen OF} Anderson 
Chairman Membership Conimittes 
Philip Seordine 
(Chairman Program Conmmnittes 


Thomas J. Dawsor 


Technical Rep esentative 
\l 
Prior to the busine meeting a coffer 
tan vas given by Robert K, Forde, Asst 
Construction Repre entutive Maritime 
Fig. 1 shows a cantilevered pneumatic welding fixture that is capable of hold- dministration, on “Inspection of Welded 
ing many different forms. This longitudinal welding jig is designed for con- Ships A sound and color film “Legend 
tinuous fusion seam welding either square butt or groove weld joints, and is . 
capable of using automatic inert gas-shielded non-consumable or consumable 
electrode and submerged-are processes through the courtesy of the Alleghen 


SEPTEMBER 1953 Section News and Events G13 


4 


Ludlum Steel Corp. Both events were 


very enjovable 


Peoria Officers 


Peoria, Ill. The Peoria Section has 
elected the following officers: 


Chairman— George Deemy 

First Vice-Chairman — Brugoini 
Secretary Larry O' Day 
Treasurer—John Brown 


Saginaw Valley Officers 


Saginaw, Mich. The Saginaw Valley 
Section announces the election of the fol- 
lowing officers and committee representa- 


tives: 


Chairman Maleolm W. Blackwood 
First Vieet hairman W. bk. Moehring 
Secretary Irving Makulinski 
Treasurer Robert Woollard 


Chairman, Membership Committee 
James N. Alcock 

Chairman, Program Committee—W. E. 
Moehring 

Technical Representative —D. 1. Knight 


St. Louis Officers 


St. Louis, Mo. Newly elected officers 
of the St. Louis Section are as follows: 


Chairman John J. Fox 

First ViceC'hairman— Neil Stueck 

Secretary-T reasurer— Geo, O. Bland, 
Hill Equipment Eng Co. 

Chairman, Membership Committee 
David Lewis, Welder & Industrial 
Services, Ine 

Chairman, Program Committee — Neil 
Stueck 

Technical Representatives Russell 
Rover and Richard Weeks 


Variations on units 


1. Vertical power traverse with up 
and down inching button. 

2. Hand wheel on carriage with 
locking arrangement for setting 
automatic welding in 
proper relation to work. 

3. Positioner arm swings and can 
be locked in proper position to 
either fixture. 

4. 22” diameter wheel shown on 
fixture. 

5. Fixture equipped with Reeves 
variable speed for proper feet 


"es 
Me) bg 


ACME Automatic WELDING 
POSITIONER and FIXTURES 


shown can be furnished -_ 
fo meet specific 
requirements. 


. Holding machine can be set in 


. Cross slide adjustment for fine 


. Heavy copper brushes and 


0 €. MILE RO. DETROIT 20 Ferndole MICH 


ME Manufacturing Lo. 
led 


THIS ACME FIXTURE AR- 
RANGEMENT permits 
practically constant use of 
Automatic welding head by 

loading opposite fixture 
during welding operation. 


per minute with reversing con- 
trol. Fixture with two set 
speeds can also be furnished. 


either vertical or horizontal 
position. Shown in 45° angle. 


setting so welding head on arm 
can be placed at either fixture 
without further adjustment. 


holders mounted directly back 
of fixture for ground. 


Section News and Events 


ver 


More than six times as many 
men of your age will die of 
lung cancer this year as died 
in 1933, according to official 
reports. Though our research 
scientists are making every 
effort to discover the reason 
for this increase, they still 
don’t know the answer. 

They do know, however, 
that the lives of over half of 
those who will develop lung 
cancer can be saved...if they 
get proper treatment while 
the disease is still in the 
silent stage, before any 
symptoms have appeared. 
That is why we urge you to 
have a chest X-ray every six 
months when you have your 
regular health check-up... 
no matter how well you may 
feel. Only an X-ray can de- 
tect the “silent shadow”’. It 
is your best insurance 
against death from lung 
cancer, 

For more _ information 
about this or any form of 
cancer, call our nearest office 
or simply address your let- 
ter to “Cancer” in care of 
your local Post Office. 


American 
Cancer 
Society 
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304, 
and Aluminum 
With FLOW LINE fittings is prac 
ricable for users ot corrosion piping 
to obtain the fullest economy and 
faciency of ;mplified welded con 
struction in desig iqstallation op 
eration, d maintenance 
EW CASTLE, P 
world’s Lorges! Manuta 


| | | oO wi | | | 
WELDING ure | 
BRING, 
PIPING 
% 
More shan 3000 stock items 
FLOW LINE welding Fittings are Welded construction provides great 
stocked hroughout the country by est freedom in designs the layout: 
— jeading warehouse? specializing in The system uses less spaces is lighte® 
metals, in Sched- in weight, and cao be assembled and 
ules 10, 40, and 80 (Schedule 5 also put into service faster: is perma 
#4 inch through nently teak- proc! has greatet 
12 stainless steel Types strength, jlonget jife, and best flow 
4 ad 3473 Monel, Nickel, characteristics: 
FLOW LINE corrosion fit- 
ings include rees, stub ends, ells, 
hicers, and All are made ot 
yrged or wrought metals, cold 
med by our exclusiv© process and i 
nnealed, putting the metal the 
best condition for corrosion service: 
4 wos CORP: 
ENINSYLVANIA 
a of stainless Welding Fittings 


following officers for the fiseal vear: 


Chairman ©. Molenaar, General 
First VieeChairman— Dr. Nippes, 


Second Vice-Chairman—R. M. Curran, 


Tucson, Ariz. The following officers 
ind committee representatives have been 
ippomnted by the T'ueson Section for the 


fiscal 


Chairman Joseph A. Pruitt 


Chairman 


Northern New York Officers 


sentatives: 
hleetrie Co 


tensselaer Polytechnic Institute Treasurer W 


eral Eleetrie Co 
Technical Re presentative Rh. M. Curran 


Luther 


Election of Officers 


Washington, D. C. 
Schenectady, 2 The Northern Neu D. C. Section announces the election of 


York Section announces the election of the . 
the following officers and committee repre- 


Chairman H 
First ‘hairman 


Secretary Thomas J 


EI Chairman, Membership Committee 
neral Electric 
R. Alden Webster 


Secretary-7 reasurer R. M. Rood, Cren- . 
etary st Chairman, Program Committee—G., G. 


Worcester Election 


The Washington, 


Chairman—Jobhn F. Kenney, Jr 


Joseph H. Polaski 


ford H. Murray 


Chairman, Program Committee 


Worcester, Mass..-The Worcester See- 
tion announces the election of the follow- 


ing officers and committee representatives 


Evert First Vice Chairman Wesley A. Proctor 
R. Alden Webster Second Vice-Chairman—G. F. Wilson 
Griffin Secretary —Albert F. Garland 

Apblett Treasurer— Edwin W. Spellman 


Chairman, Membership Committes 


Clil- 


Technical Representative—Jobn 


Kasabula 


Tucson Officers 


First VieeChairman— Oliver M. Golay 

Second Vice-Chmrman— Wm. C. Currie 

Seeretary George D. Hunt Edition. 

Treasure Charles M. Condron 

Program Committee 
Robert S. Smith 

Technical Representative Wim, C. Cur- 


rhe 


WELDABILITY OF STEELS 


AMERICAN WELDING SOCIETY 
33 West 39th St. 
New York 18, N. Y. 


An outstanding summary of current knowledge of the Weld- 
ability of Carbon & Low Alloy Steels prepared by Drs. Stout and 
W. D’Orville Doty under the direction of the Weldability Com- 
mittee of the Welding Research Council. 

Book of 381 pages including tables for welding ASTM, SAE, 
ABS & other specification Steels in all thicknesses. 
List Price $6.50. A 20%discount to members AWS. Limited 


Order your copy now! 
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RESEARCH COL 


of the Engineering Foundation 


Supplement to the Welding Journal, September (954 


Heat-Treatment Eifects on Transition 
‘emperature of a Ship Stee 


® Investigation of the various subcritical heat treat- 
ments on the ductility of a 1025 semikilled steel 


by E. B. Evans and L. J. Alingler in the suberitically embrittled zone previously found in ship plate 


weldments 


Abstract INTRODUCTION 


The effect of various suberitical heat treatments on the N A PREV IOUS investigation at this laboratory,! it 


ductility of a 1025 semikilled steel (C steel) was investigated : 
was found that when A and C* ship steels were 


The ductility was evaluated by means of Charpy V-notch impact 
and eccentric notch tensile transition temperatures welded, a zone of minimum ductility (highest transi- 
‘ 

Isothermal heat treatment in the 700-1200° F range resulted tion temperature ) existed immediately adjacent to 
in little or no embrittlement when employing at 


uir or furnaces the weld area in a region which was not heated above 
cool; water quenching resulted in a significant decrease in the lower critical temperature \ at anv time The 
ductility. Transition temperature-isothermal time curves indi 


occurrence of the region of highest transition tempera- 
cated that time at t mperature had little effect on the ductility 5 } 


ftoom temperature aging studies of quenched specimens ture outside the so-called heat-affected region has been 
revealed that this steel was susceptible to embrittlement by the observed by other investigators.2%" Although no weld 
quench-aging mechanism. The degree of embrittlement in failures have been found to originate in this embrittled 


creased with an increase in solution temperature from 650 to zone, it may play an important role in the brittle failure 


F Characteristic quench-aging curves were obtained 

wR of welded structures by allowing a crack, once it has 
after quenching from 1300° F and employing aging temperatures 
up to 390 oi the yy ik embrittlement reached and the time been initiated, to propagate at a high rate with the 
to attain this peal decreased with increasing aging temperature absorption of only asmall amount ol energy 


Specimens aged above 350° | overaged”’ so rapidly that n In this investigation the embrittling characteristics of 

peak in the aging curve was detected. Metallographie examina base plate of a ship plate steel (C steel) were studied 

tion of quench-aged specimens indicated that a two-stage pre 


under more closely controlled subcritical thermal cycles 
cipitation reaction Was operative 


This study suanosts that 0 low-temperature postheat at about than can possibly exist in weldments. ‘These included 
650° F would lead to rapid recovery of ductility, by overaging the effect of isothermal time in the 700 1200 range, 
employing various cooling rates. In addition, the 
susceptibility of this steel to quench aging was studied. _ 
E. B. Evans and L. J. Klingler are connected with Metals Research Labora It was hoped that these studies would give an insight 
tory. Department of Metallurgical Engineering, Case Institute of Teel 


nology, Cleveland, Ohio into the basic mechanism responsible for suberitieal em- 
Paper scheduled for presentation at the Thirty-Fourth National Fall Meet 


ing, AWS, Cleveland, Ohio, week of Oct. 19, 1953 brittlement during welding and suggest @ Ineans ol in- 
Based on a thesis submitted by E. B. Evans in partial fulfillment of the proving or eliminating this condition 

requirements for t degree of Master of Science in Physical Metallurg, 

The work was conducted at the Metals Research Laboratory, Case Institute 

of Technolog, inder the sponsorship of the Committee on Ship Steel of * The designations A and ¢ efe Steels A and ( in the Ship Strueture 

the National Research Council, Bureau of Ships Contract NOBS-45470 Committee “Project” Steel 
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The changes in ductility accompanying heat treat- 
ment were evaluated by the changes in transition tem- 
perature determined by two different tests: The 
eccentric notch tensile test was employed so as to be 
comparable with the previous work on weldments, and 
the Charpy V-notch impact test was used because of its 


wide acceptance as a standard. 


MATERIAL 


The C steel selected for the present investigation was 
a semikilled steel in the form of 4/4-in. thick material 
from two large, hot-rolled plates from the same heat. 
Some work was done with material remaining from the 
previous weldment studies, hereafter referred to as 
Plate I; however, the majority of the work was done 
with Plate Il. The plates have been identified, because 
as will be shown later, a significant difference in transi- 
tion properties was noted between plates. The analysis 
and mechanical properties reported for this steel’ are 


given in Table 1. 


Table 1—Properties of C Steel Plate 


Chemical analysis % by weight 


Carbon O24 Aluminum 0016 Tin 0.003 
Manganese. .0 48 Nickel 0 02 Nitrogen 0 009 
Phosphorus, 0.012) Copper 0.03 Vanadium. <0 02 
Sulfur 0 026 Chromium 0.03 Arsenic 0 01 
Silicon 0 05 Molybdenum 0. 005 

Mechanical properties 
Yield point, psi 39,000 
Tensile strength, psi 67,400 
Elongation (S8-in. gage length), % 25.5 


PROCEDURE 


Specimen Preparation 


Notch tensile and impact specimen blanks were 
taken from the mid-thickness of the plate so that the 
longitudinal axis in each case was perpendicular to the 
rolling direction and parallel to the plate surface. The 
impact blanks were then machined 0.020 in. oversize, 
and the notch tensile blanks 0.015 in. oversize. After 
heat treating, the blanks were machined to size and 
notched, The notch for the impact specimens was cut 
perpendicular to the plate surface, which was located by 
an identifying mark on each specimen. 

The test specimens are shown in Fig. 1, and the steps 
involved in their preparation are illustrated in Fig. 2. 


Subecritical Heat Treatment 


The isothermal heat treatments consisted of heating 
specimen blanks, both notch tensile and impact, at a 
temperature within the 700-1200° F range for a period 
of time ranging from a few seconds at temperature to as 
long as one week. For times greater than 5 min, a 
forced air convection furnace was used; for times 5 min 
or less a neutral chloride salt bath was employed. A 
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chromel-alumel thermocouple at the center of a speci- 


NE OF 
s0"R 60° TENSION FORCE 


ENTR Ty 


ECCENTRIC NOTCH TENSILE SPECIMEN 


™ 45° 
/ 
/ 
i 
7 394" 
O10 R 315 
1080" * 005 1080" * 005 394" 
| 
2 160 * O10" 


CHARPY V-NOTCH IMPACT SPECIMEN 


Fig. 1 Test specimens 


men blank assured an accurate measure of the time at 
temperature for the shorter isothermal times.* Three 
different cooling rates—air cool furnace coolt and water 
quench —were employed after heating. All series were 
tested one month after heat treating in order to approxi- 
mate the elapsed time between welding and testing in 


the previous work. 


* For impact specimens the time required to reach a temperature of 
1100° F was 1'/2 min, and to reach 1200° F, 2'/4 min; for notch-tensile 
specimens, the times were #/4 and 1 min, respectively 

t Furnace cool consisted of an average cooling rate of 1.8° F per min 
down to 500° F, followed by an air cool to room temperature 


ROLLING DIRECTION 


LO 


HEAT TREAT 
Fig. 2. Preparation of Charpy V-notch and notch-tensile 
specimens from C steel plate 
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The quench-aging studies were carried out with im- 
pact specimens, employing solution temperatures of 
1200 and 1300° F. 


F, all series were aged at room temperature for various 


After water quenching from 1200 


times, with the exception of one series which was aged 
for | hr at 400° F 
1300° F were aged for various times in an appropriate 
bath of alcohol, oil or tempering salt at room tempera- 
ture (SO), 125, 350 and 600° F. 


were selected after following the progress of aging with 


Those specimens quenched from 


These aging temperatures 


hardness check specimens at these temperatures and at 
35, 200, 250, 900 and 1100° F 


room temperature were air cooled after the appropriate 


Specimens aged above 
aging interval. After aging, each series was ground to 
size and tested within seven hours. 


Cooling Rate Determinations 


The cooling curves for test specimens which were 
either air cooled or water quenched were determined 
with a chromel-alumel couple and a portable potentiom- 
eter. The couple was positioned in a saw cut extend- 
ing to the center of a specimen, with the cut then being 
peened shut The furnace cooling rate was obtained 
by taking temperature-time readings from the furnace 
controller, 


TENSION 
STEEL BALL 
BEARING 


iy LEFT HAND 


THREAD 


ADAPTERS 
NOTCH 
FIBER IN SPECIMEN 
MAXIMUM ~ 
TENSION 
\ 


TENSION 


Fig. 3 Method of loading to obtain '/, in. eccentricity. 
(Eccentricity and the position of fixtures are exaggerated) 
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Testing Procedure 


The notch-tensile-test equipment and procedure were 
The 


1 the fixtures, Fig. 3, 


the same as those used in the weldment study.! 


specimens were positioned il sO 


that the fiber from the center of the plate received the 


maximum tensile stress. The initial eccentricity was 


set at '/,in., that is, the centerline of the specimen was 


displaced '/, in. from the loading axis of the tensile 


machine, as shown in Fig. Ll. Testing temperatures 
were obtained by an isopentane-dry mixture or hot 
water. The property that was measured was the 


eccentric notch strength, maximum load divided by the 


original cross-sectional area at the notch bottom, 


Table 2—Isothermal Suberitical Heat Treatment and 
Transition Temperatures (EKecentrie Notch Tensile) of 
C Steel 
Time att m perature Transition ten perature I Plate No 
As received * 65 | 
As-received 10 Il 
700° air cool 
10 min I] 
10) 
15 he 
30 hi l 
week 

SOO air coo 
10 min 14 I 
10 min Il 
1 he 10 
24 
24 hr 2s 
week l 
week 12 
950° air coe 
10 min 12 I 
20 min 
1 he 
he II 
12 hr 
week 5S 
week 
week 
air cool 
min 
15 min Il 
he 26 
12 0 II 
112 iS II 
week 50 Il 
1200° F, air cool 
min Il 
he I] 
10 he 
20 hi II 
72 hr 1) 
ter quenel 
min 12 II 
he 6 
10 he I! 
he 
12060 I iter que i 
0-10 sec 16 I] 
min 
5 min Os 
he OS I] 
10 hr St) II 
72 hr | I] 


* Previously reported in weldment study 
Nore: All series aged 1 month at room temperature after heat 
treating 
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Table 3—Isothermal Subcritical Heat Treatments, Transi- 
tion Temperatures (Charpy V-Notch) and Hardnesses of 


Steel 
Transition temperature, ° F-— 
Mid- 50% fibrous Rockwell B 
Time attemperature point fracture 15 ft-lb hardness 
As-received 118 138 87 75 
1100° F, air cool 
10 min 108 142 85 74 
1 hr 110 142 85 73 
20 hr 115 138 SS 71 
hr 115 145 85 
72 hr 115 140 2 68 
112 hr 125 158 OS 67 
120 hr 133 152 95 67 
1200° air cool 
min 108 135 82 74 
1 he 135 148 2 7 
10 hr 133 152 Os 69 
20 br 132 155 42 65 
72 hr 150 175 110 63 
232 hr 168 ISS 115 60 
1100° F, furnace cool 
10 min 110 145 85 74 
120 hr 137 152 102 66 
1200° F, furnace cool 
min 110 135 74 
1100° F, water quench 
10 min 135 148 110 85 
hr 135 165 116 86 
14 he 152 165 116 SO 
112 bre 157 168 122 82 
1 week 157 118 SI 
1200° F, water quench 
0-10 see 110-155 140-195 90-140 77-86 
') min 165 190 146 91 
2 min 160 190 142 00 
10 min 158 200 140 So 
hr 160 10S 140 00 
5 br 177 205 148 8Y 
10 he 178 212 150 SS 
20 hr IS4 210 162 86 
72 hr IS2 212 158 82 


Nove: All results based on Plate [. All series aged 1 month 
at room temperature after heat treating 


The impact specimens were cooled or heated in an 
appropriate bath of isopentane-dry ice or a high-temper- 
ature oil, Each specimen was held in the bath 10 min 
to assure temperature uniformity, and then transferred 
and tested in a standard impact machine in less than 5 
sec. Both the energy absorbed in fracture and the per- 
cent fibrous fracture values were obtained. 


RESULTS 
The individual transition curves showing the data 
points have been assembled in a set of Figures*, 21 
through 40, for the eccentric notch-tensile and the 
Charpy V-notch impact tests, respectively. From 
these curves the transition temperatures were deter- 
mined using the following criteria: 
(A) Eecentric Notch Tensile 
1. The temperature at the mid-point of the 
average notch strength curve (dashed line 
in the figures). 


* These figures can be supplied on request to the authors 
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Table 4—Quench-Aging Treatments, Transition Tempera- 
tures (Charpy V-Notch) and Hardnesses of C Steel, Water 
Quenched from 1200° F 


Isothermal Aging time —Transition temperature, 

time at at room Mid- 50% fibrous Rockwell B 
1200° F temperature point fracture 15 ft-lb hardness 
'/, min As-quenched S4 

min 5 hr 108 150 40) S4 
26hr 105 S4 
min 3 days 105 87 
min 7 days 130 
'/> min 14 days 140 SY 
'/omin 30 days 165 190 146 91 
'/y>min 42 days 154 9] 
'/>min 65 days 148 

10 hr 10 days 150 177 125 Sd 

10 hr 30 days 178 212 150 SS 
20 hr 7 days* 137 165 110 72 
20 hr 30 days 182 212 158 82 


* Aged at 400° F for 1 hr immediately after quenching and 
prior to room temperature aging. 
Nore: All results based on Plate IT. 


Table 5—Quench-Aging Treatments, Transition Tempera- 
tures (Charpy V-Notch) and Hardnesses of © Steel, Water 
Quenched from 1300° F 


temperature, ° F 
50% fibrous Rockwell B 
Aging lime Mid-point fracture 15 ft-lb hardness 
Air cooled from 1300° F 
118 145 S5 70 
Quench aged at room temperature 
5 min 87 
7 hr 140 175 115 SS 
3 days 212 158 
5 days 175 210 160 6 
$2 days 202 230 175 1) 
45 days : 175 
Quench aged at 125° F 
I'/, hr 150 200 127 1 
hr 185 215 162 
21 hr ISS 218 168 
3 days 182 208 168 Q4 
Quench aged at 350° F 
15 min 133 160 115 S7 
14/4 hr 125 160 100 83 
19 hr 122 148 YS S| 
Quench aged at 600° F 
2 min 120 155 
10 min 125 152 95 Sl 


Nore: All results based on Plate II. All series heated at 
1300° F for 15 min, 


(B) Charpy V-notch 
1. The temperature at which 15 ft-lb were 
absorbed. 
2. The temperature at the mid-point of the 
absorbed energy-test temperature curve. 
3. The temperature at which the fracture was 
50°; fibrous. 

Transition temperatures resulting from the isother- 
mal studies are summarized in Tables 2 and 3 for notch- 
tensile and impact tests, respectively. The quench- 
aging results obtained with impact specimens only are 
listed in Tables 4 and 5. Rockwell B hardness values 
are also given for each series of impact specimens. 
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In the following sections, the changes in ductility are 
evaluated with the changes in transition temperature as 
determined by criteria A and (B) 1 above 


Within-Heat Variation of As-Received Plate 


As a check on any variation in properties between the 
two large plates which supplied specimens, the notch- 
tensile-transition temperature was determined for each 
plate in the as-received condition. A comparison of 
the results, Fig. 4, showed that the transition range for 
Plate I, 


occurred at lower testing temperatures, the transition 


previously used in the weldment studies, 


temperature being —65° F as compared to —40° F for 
Plate II. 


obtained with subcritically heat-treated plate have been 


Because of this difference, the results 


separated as to plate number. 


PLATE 
PLAT 
LATE I 


75 


TEST TEMPERATURE °F 


ECCENTRIC 
NOTCH STRENGTH=>1000 PSI 


Fig. 4 Comparison of eccentric notch tensile transition 
beharior for two different plates of as-received C steel 


All impact specimens were obtained from Plate IT, 


therefore no check was necessary. 


Isothermal Studies 


The interrelated effects of isothermal time and tem 
perature are treated below for each of the three cooling 
rates employed. All specimens were held | month at 
room temperature after heat treating in order to approx 
imate the elapsed time between the time of welding and 
testing in the weldment study 

Air Cooled. 


various subcritical heat treatments employing an air 


The individual transition curves for the 


cool are shown in Figs. 22-26 for notch-tensile tests and 
in Figs. 30 and 31 for impact tests. 

The relationships between notch-tensile-transition 
temperature and time at various temperatures is 
For each of the five temperatures 
700, 800, 950, 1100 and 1200° F there 
is a slight embrittlement at the shorter times. With 


plotted in Fig. 5. 
investigated 
increasing time at 700° F, the transition temperature 
appears to be unchanged, at least up to times of one 
week. At each of the higher temperatures, the transi- 
tion temperature remains constant with time after the 
initial embrittlement and then approaches or drops be- 
low the as-received value at longer times. 

It should be noted that at 700, 800 and 950° F both 
Plates I and II were used, yielding transition tempera- 
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Fig. 5 Eecentric notch tensile transition temperatures 
of C steel as a function of time at various subcritical 
temperatures. Air cooled 


ture-isothermal time curves which were similar, but 
with the highest transition temperature of Plate I 

10° Ff) being about 10° F lower than Plate II 

30° F) over the time interval considered. This is in 
agreement with the as-received values which showed 
that Plate | had a lower transition temperature 

In Fig. 6, the transition temperature-isothermal time 
relationship is shown for impact specimens heated at 
1100 and 1200° | The transition temperature re- 
mnains essentially the same as the as-received plate until, 
after about 10 hr at 1200° F and 72 hr at 1100° F, the 
with the 1200° 


F eurve show ng a somewhat faster rate of increase It 


transition temperature slowly increases 
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Fig.6 Charpy V-notch transition temperature as a fune- 
tion of time at subcritical temperatures. Air cooled. 
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can be seen from the individual transition curves, how- 
ever, that the upper level of energy absorbed slowly in- 
creases not only with time at temperature but also with 
temperature, thus indicating an improvement in impact 
properties at the higher testing temperatures. This im- 
provement is not apparent with any one of the three 
transition temperature criteria employed. 

rom the hardness values listed in Table 3, it is evi- 
dent that with increasing time at 1100° F there is a 
gradual softening; at 1200° F, the decrease in hardness 
with time is even more pronounced. 

Furnace Cooled. In order to investigate the effect of 
a slower cooling rate, three spot checks were made with 
impact specimens furnace cooled after 10 min at 1100° 
F, 120 hr at 1100° F and '/, min at 1200° F. The 
transition curves for these treatments are shown in Figs. 
$2 and 33. For each of these three cases there was no 
significant difference in transition temperature or hard- 
ness from specimens similarly heat treated and air 
cooled, On the basis of these results, it would appear 
that furnace-cooled impact specimens would exhibit 
the same behavior as the air-cooled specimens over the 
ranges of time and temperature under study. 

Water Quenched. The noteh-tensile-transition curves 
for the various water-quenched series are assembled in 
Figs. 27 and 28, and the impact transition curves in 
Figs. 34 and 35. All results are based on Plate IT. 

The transitions temperature-isothermal time curves 
for notch-tensile specimens quenched from 1100 and 
1200° F are shown in Fig. 7. For the 1100° F series, 
the transition temperature is raised to +10° F at the 
shorter times, an increase of 50° F above that of the as- 
received plate (—40° F). With increasing time, the 
transition temperature remains at this level, and then 
decreases slightly at the longer times. This general 
shape of the curve is in agreement with the L100° F air- 
cooled series. 

For the 1200° F series, the entire curve is displaced to 
still higher transition temperatures. The transition 
temperature is about +45° F at times less than 5 min, 
rising toa maximum of about +85° F at 10 hr, and then 
decreasing slightly at 72 hr. Thus, the transition 
temperature has been raised from 85 to 125° F above 
that of the as-received plate. 

It should be noted that two points were obtained at 
0 to 10 see and '/. min at 1200° F, respectively, in 
order to investigate times at temperature which would 
approximate those actually existing weldments 
The transition curves for these times, Fig. 28 (a and )), 
show a somewhat greater scatter band than those for 
the longer times. At isothermal times greater than '/> 
min, the high values of the seaiter band have been 
lowered, which, in effect, raises the transition tempera- 
ture, 

In comparing the individual transition curves, the 
water-quenched series treated at both 1100 and 1200° F 
evidenced a higher upper level than the comparably 
heat-treated and air-cooled series. This indicates that 
water quenching served to increase the tensile strength. 
The transition temperature-isothermal time relation- 
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Fig. 7 Transition temperatures of C steel as a function 
of time at subcritical temperatures. Water quenched and 
aged | month at room temperature. Plate Il 


ship for impact specimens quenched from 1100 and 
1200° F are also shown in Fig. 7. The same genera! 
shape of curve is evident for both the 1100 and 1200° F 
water-quenched series as for the comparable air-cooled 
series, Le., a constant transition temperature with 
isothermal time, increasing slightly at longer times and 
with the 1200° F curve showing a slightly faster rate of 
increase. A comparison with the air-cooled series 
shows that quenching serves to embrittle the steel at all 
isothermal times. Both the 1100 and 1200° F curves 
are displaced to higher transition temperatures, with 
the embrittlement being of a higher magnitude for the 
1200° F heat treatment. The 1100° F water-quenched 
curve is displaced about 25° F and the 1200° F water- 
quenched curve about 55° F above their respective air- 
cooled series. 

For the 1200° F heat treatment, a series of specimens 
tested for isothermal time of 0 to 10 sec, Fig. 35a, 
showed considerable scatter in the test results. The 
minimum and maximum transition temperatures to be 
expected are given in Table 3; however, this point is 
omitted in the transition temperature-isothermal time 
plot. 

An examination of the individual impact transition 
curves, Figs. 34 and 35, reveals that for the shorter 
times at 1100 and 1200° F the upper energy level is 
about 7 ft-lb less than that for the as-received plate. 
With increasing time, the upper level is gradually raised 
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above that of the as-received plate with the 1200° |] 
series showing a slightly greater rate ot inerease \s 
noted previously, this effect of time and temperature 
on the upper level was also evident in the air-cooled 
series 

A review of the hardness values in Table 3 shows that 
for the 1100° F series the hardness, after an initial in 
crease of 10 points Rockwell B, gradually decreases at 
the longer times. The 1200° F series shows a similar 
trend except that the initial embrittlement amounted to 


a hardness increase of 15 points. 


Quench-Aging Studies 


The room temperature and accelerated aging effects 
on the impact and hardness properties were investi- 
gated after water quenching from 1200 and 1300° | 

Quenched from 1200° F. 


room temperature aging effects by testing impact 


A check was made on the 


specimens after solution treating at 1200° F for '/5 min 
and aging at room temperature for times ranging from 
5Shrto65 days. The transition temperatures and hard 
ness values are summarized in Table 4, while the individ- 


ual transition curves are shown in Fig. 35 
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Fig. 8 Effect of room temperature aging time on Charpy 
V-notch transition curves of C steel 


In Fig. 8 the energy transition curves for room tem 
perature aging times of 5 hr and 30 days are compared 
with the as-received plate. It can be seen that for 5 hi 
aging time, the energy values at the lower testing tem- 
peratures are about the same as the as-received plate, 
but lower at the higher testing temperatures —the 
upper level being decreased from about 42 to 36 ft-lb 
For 30 days aging time, the entire curve is shifted to 
higher testing temperatures. This shift amounts to 
about a 60° F increase in 15 ft-lb transition tempera- 
ture, 

To obtain a measure of the rate of embrittlement, 
additional impact data were obtained for intermediate 
and longer aging times. Complete transition curves 
were not obtained, but a rough indication of the 15 ft-lb 
transition temperature was found from spot tests at 
temperatures which contained the 15 ft-lb value. The 
best straight line was then drawn through the points and 
the 15 ft-lb value taken. These additional results, 
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hig. 9 Effect of room temperature aging time on the 
Charpy V-notch transition temperature and hardness of 
C steel 


along with the hardness values, are plotted as a function 
of aging time in Fig. 9. Both the transition tempera- 
ture and hardness show a fairly rapid increase in the 
aging time interval up to about two weeks, then a 
leveling off. From these results, it can be expected that 
in the isothermal study the water-quenched series which 
were all aged | month at room temperature experienced 
the maximum embrittlement 

\ check of the room temperature aging effect after 
heat treating at another time (10 hr) at [200° F was 
made with two series of specimens aged 10 days and 380 
days, respectively. The energy transition curves are 
compared with that for the as-received plate in Fig. 10 
From this figure, the dependence of the degree of em- 
brittlement on room temperature aging time is again 
evident 

In establishing the impact energy transition curves, 
it Was necessary to test above room temperature some- 
times as high as 350° | As a check on accelerated 
aging in the testing bath, hardness measurements were 
made on the series of specimens water quenched after 
heating for '/o min at 1200° F and aged at room 
temperature for 5 hr and for 30 days 


The series of specimens aged for 5 hr indicated that 
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Fig. 10) Effect of room temperature aging time on Charpy 
V-notch transition curves of C steel 
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Fig. 11) Comparison of Charpy V-notch transition curves 
for room temperature and accelerated aging of C steel 


the hardness did not change more than one point from 
the as-quenched hardness of Ry 84-85 after 10 min in 
the testing bath at temperatures up to 300° F; however, 
those specimens aged for 30 days showed that the hard- 
ness Was progressively decreased from Rg 91 to Rpg 83 
in the temperature interval from 175-350° F. The 
latter series of tests indicates that accelerated aging, as 
measured by hardness tests, can take place in the test- 
ing bath at temperatures above 175° F in 10 min. 
However, the effects of subcritical heat treatment on 
the transition temperature would appear to be un- 
affected in view of the fact that the temperature at the 
15 ft-lb energy value Was taken as the transition temper- 
ature, and, in all series, this temperature was less than 
175° F, 

A spot check on the effect of accelerated aging on the 
transition temperature was made by heat treating a 
series of impact specimens at 1200° F for 20 hr, water 


quenching and then aging immediately at 400° F for 
1 hr. The resulting energy transition curve is com- 
pared, Fig. 11, with a comparably heat-treated series 
naturally aged at room temperature for | month. The 
pronounced improvement brought about by the accel- 
erated aging treatment is at once evident in the shift of 
the entire curve to lower testing temperatures, ap- 
proaching that of the base plate. The transition tem- 
perature of the accelerated aged plate was only slightly 
higher than the series treated at 1200° F for 20 hr and 


air cooled. 


Quenched from 1300° F 


The Rockwell B hardnesses obtained after aging in 
the 35 to 1100° F range are shown as a function of the 
aging time in Fig. 12. 

From an as-quenched hardness of R87, the hardness 
of the specimen aged at room temperature (SO° F) re- 
mained unchanged for about | hr, then gradually in- 
creased, reaching a maximum level of 2g 96 after five 
days. Aging at a lower temperature (35° F) resulted in 
a slower rate of increase and a longer time (about 50 
days) to reach a slightly higher peak level of Rg 97. 

With increasing aging temperatures above room 
temperature to 250° F the hardness increased at an 
ever-increasing rate, but the peak hardness reached and 
the time to reach this peak decreased. Once the peak 
had been attained, further aging time caused a decrease 
in hardness at a rate which increased with aging temper- 
ature, 

At 350° F and higher, the hardness did not rise above 
that of the as-quenched specimen, but fell off at a rate 
which again increased with temperature. 
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Fig. 12 Effect of various aging times and temperatures on the hardness of C steel after water quenching from 1300° F 
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A summary of the maximum hardness reached and 
the time to reach this maximum for the various aging 
temperatures employed are given in Table 6. 


Table 6—Effect of Aging Temperature on the Peak Hard- 
ness Reached and the Time to Attain This Peak 
Time to reach 


Aging temperature, Peak hardness 


} rea hed, Rr peak hardness 
35 50 days 
sO 6 5 days 
125 23 hr 

200 4] 2 hr 

250 SS 15 min 
$50 

600 Not higher than as-quenched 

900 hardness of Rp ST 

1100) 


Nort! Hardne ss otf specimen air cooled from 1300 i WAS 


These results show that, by aging, the hardness of C 
steel can be raised a maximum of about 10 points above 
that of the as-quenched hardness (Ry 87). In turn the 
as-quenched hardness was 17 points Rockwell B above 
that of the air-cooled hardness (/?, 70). The mavxi- 
mum cumulative hardness increase due to solution and 
aging then amounts to about 27 points R, 

In comparing the impact properties of the as-received 
plate, Fig. 29, with those of the air-cooled series, Fig 
36, it is evident that there is little difference in proper- 
ties other than about a 5 ft-lb higher upper level for the 
air-cooled series. 

The transition curves after aging for various times at 
room temperature, 125, 350 and 600° F are presented in 
Figs. 37-40, respectively. In all the quench-aged series 
the upper level of the individual absorbed energy-test 
temperature curves is lower than that for the air-cooled 
series. In general, a greater difference in levels is 
associated with a greater degree of embrittlement, with 
The de- 


gree of embrittlement can be more readily seen in the 


the maximum difference being about 12 ft-lb 


summary of the 15 ft-lb transition temperature plotted 
as a function of the aging time, top of Fig. 13, for the 
Various aging temperatures employed. kor comparison 
purposes, the comparable hardness data are plotted in 
the bottom of this figure 

For room temperature aging (SO° F), it can be seen 
that after 7 hr aging the transition temperature (115° F 
is 30° F higher than that of the air-cooled series (85° F 
With increasing aging time, the transition temperature 
increases, reaching a maximum level of 175° F at some 
time greater than 5 days but less than 32 days. This is 
an increase of 90° F over the unembrittled state. Al- 
though no data were obtained for aging times less than 
7 hr (this was the minimum time for machining and test- 
ing), it is not expected that the transition temperature 
would be appreciably lowered for the shorter aging times 
because the hardness increased but 1 point during the 
first 7 hr of aging. The aging curve at the shorter aging 
times has been interpolated to give an ‘as-quenched”’ 
transition temperature of 110° F. 
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Fig. 13) Summary curves showing effect of various aging 

temperatures and times on the transition temperature 

and hardness of C steel. Specimens water quenched from 
1300° F before aging 


The transition temperature-aging time relationship for 
125° F aging shows that the transition temperature 
starts to increase at much shorter times, reaching a peak 

168° F) after about 20 hr and remaining at this value, 
at least up to 3 days aging time 

For 350° F aging, it appears that a slight peak may be 
present at an aging time less than 15 min, but it 
probably would not be much greater than the 115 I 
transition temperature obtained after 15 min aging 
because the hardness was unchanged during this time 
interval. Aging beyond 15 min results in a decreasing 
embrittlement with time 

Aging at 600° F for 2 and 10 min, respectively, effects 
a considerable improvement in the impact properties. 
For both cases, the transition temperature indicated an 
embrittlement of but 10° F. 

From the general trend of these aging curves, it is to 
be expected that at aging temperatures higher than 
600° F, the impact properties would approach those of 
the unembrittled state very rapidly. However, as will 
be pointed out in the Discussion, this conclusion only 
holds for specimens cooled relatively slowly from the 
aging temperature; a last cool from aging temperatures 
above about 650° can introduce another quench-aging 
evele. 
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hig. 14 Microstructures of C steel in the as-received condition and after various isothermal heat treatments. Nital etch. 
x 2000. (Reduced 20QG% in reproduction) 


(a) As received. (6) 1200 FL!) min. Furnace cooled. (¢) 12007 F, 
Water quenched and aged I hr at 100 


As before, a check was made on accelerated aging in 
the test bath. The hardness determinations showed 
that aging can take place in the test bath at tempera- 
tures above 175° F for the series aged at room tempera- 
ture and 125° F. Again, however, the 15 ft-lb transi- 
tion temperature would appear to be unaffected in view 
of the fact that this criterion established the transition 
temperature at or below 175° F. 


Microstructures 


An examination of the microstructures was made of 
the base plate and after all conditions of heat treatment 
to afford a possible explanation of the transition be- 
Representative photomicrographs at 2000 
are shown in Figs. 14 (a d) and 15 (a-d). 


havior. 


The microstructure for the as-received condition, Fig. 
14 (a), showed the same structure for both Plates T and 
Il. No apparent explanation can be given to account 
for the superior properties of Plate I, other than a dif- 
ference in composition or rolling practice which is not 
evident in the microstructure. 

The photomicrographs in Figs. 14 (b) and 14 (e¢) 
were made after heat treating at 1200° F for '/s min and 


employing a furnace cool and a water quench, respec- 


(b) 


Fig. 15°) Microstructures of C steel after various quench-aging treatments. 
2000. (Reduced 209% in reproduction) 


quench from 1300° F, Nital etch. 


Water quenched and aged | month at room temperature. (d) 12007 F, 


tively. No difference in structure from that of the as- 
received plate could be noted for either of these two 
heat treatments. 

In Fig. 14 (d), the microstructure is shown for the 
water-quenched series heat treated at 1200° F for 20 
hr followed by accelerated aging at 400° F for | hr. It 
appears that this accelerated aging treatment has re- 
sulted in a general precipitation throughout the ferrite 
grains, and, as the transition temperature and hardness 
checks showed, was accompanied by a considerable im- 
provement in impact properties and a pronounced de- 
crease in hardness. This structure also shows the start 
of spheroidization at the longer isothermal times. 

Numerous structures were examined after water 
quenching from 1300° F and aging. Immediately after 
quenching, a mottled ferrite was evident which did not 
appear to change with time at room temperature, Fig. 
15 (a). No change in this mottled structure was re- 
vealed after aging at 125° F, even after 23 days at this 
temperature, Fig. 15 (b). 

After aging 15 min at 350° F, the mottled ferrite was 
still in evidence; after 21 hr at 350° F, the mottled 
structure appeared to be more intense. 

Upon aging at 600° F for 2 min, a precipitate, evenly 
distributed throughout the mottled ferrite grains, was 


resolvable. An inerease in aging time to 10 min, Fig. 


(d) 


ill aging treatments preceded by a water 


(a) Aged 30 days at room temperature. (b) Aged 23 days at 125° F. (¢) Aged 10 min at 600° F. (d) Aged 10 min at 1100° F 
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Fig. 16 Comparison of cooling curves in the region of 


lowest ductility for two welding conditions with those 
obtained with heat-treated test specimens 


15 (c), resulted in better definition to the precipitated 
particles, which appeared to be platelets, and an in 
crease in their size. 

After aging 10 min at 1100° F, Fig. 15 (d), the 
precipitate is no longer evenly distributed throughout 
the grains of ferrite, but appears to have coalesced along 


the grain boundaries as spheroids 


Cooling Curves 


The cooling curves for the various cooling rates em- 
ploved from 1200° F 
with the cooling history for the first weld pass at the 
region of low ductility for the two welding conditions 
under study previously It can be seen that the 100° I 


preheat weldment had a greater cooling rate than the 


are given in Fig. 16, in comparison 


400° F preheat weldment, and with the cooling rate for 
both these welding conditions intermediate to the air 
Also, it 
should be noted that with an air cool, the impact speci 


cooled and water-quenched test specimens 


mens cooled at a slightly slower rate than the notch- 
tensile specimens because of the larger mass of metal in 
the former 


Steel Comparison 


The embrittlement of C steel by the quench-aging 


mechanism probably would occur in similar grades of 


hardness checks. Specimens quenched from 1300° F 
and aged at room temperature showed the same general 
behavior as C steel 
73 the hardness 


after quenching 


rom an as received hardness of 

increased to Ry, 838 immediately 
Upon subsequent aging at room tem- 
perature, the hardness gradually increased to a maxi- 
mum level of 2, 94 after five davs Chis maximum is 
but two hardness points lower than that for C steel 
From these results it would appear that the quench- 
aging characteristics of the two steels are similar, with 
the A steel showing somewhat superior properties for 
any given treatment 


DISCUSSION 


Previous investigations ® * have shown there are two 
factors which increase the tensile strength and hardness 
and lower the ductility of low-carbon steel when it ts 
cooled from suberitical temperatures namely the solid 
solution and the aging effects Che solution effect. is 
the formation of a supersaturated solution of carbon in 
ferrite, and has the maximum effect after fast quenching. 
The second factor, aging, is the precipitation of carbides 
from the supersaturated solution which has the maxi- 
mum effect at some critical point of time and tempera 
ture, beyond which the effect is decreased, 

The results of this investigation can be discussed im 
terms of the combined solid solution and aging phenom- 


enon, commonly 


referred to a aging.” 


This phenomenon can also be applied to an analysis of 


“quench 


the embrittlement occurring with suberitical thermal 
eveles in weldments 


Subcritical Heat Treatment of Base Plate 


Considering the «air-cooled series first, the notch- 
tensile test Was sensitive enough to detect a slight em- 
brittlement after heat treating in the 700 1200 I 
range, as contrasted to the Hnipaet test which indicated 
L100) and 


From these results it 


no change in properties after treatment at 
1200° F at the shorter times 
can be reasoned that precipitation occurred largely dur 
Ing cooling and ho awpprer lable chat pe iti properties Wits 
realized on subsequent aging. The slight embrittle- 
ment revealed by notch tensile tests could be attributed 
to a slight solution and subsequent aging effect: caused 
by the slightly faster rate of cool with notch tensile 
specimens At the longer isothermal times, softening 
began and resulted in a difference in transition behavior 
between the two specimen types, 14 the notceh-tensile- 


transition temperature decreased while the pact 
transition temperature increased.* It ts believed that 


this latter occurrence is not the result of any solution or 
aging effects, but is due to different reactions of the two 


types of specimens to a slightly spheroidized structure. 


steel. ‘To check this a short investigation was made on With a decrease in cooling rate furnace cool — the 
the susceptibility of A steel* to quench aging with 
* Although the impact transition te perat howed an increase | 
* The A steel had the same approximate composition as the C steel, | each of the three er ed that the impact 
a lower transition temperature properties howed an it i ement at the highe ‘ ng temperatures 
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spot checks with impact specimens showed that the 
transition temperature and hardness were unchanged 
from the comparably heat-treated and air-cooled series. 
Although no notch-tensile tests were conducted with 
furnace-cooled specimens, it is believed that this slower 
cooling rate would result in no embrittlement because it 
is to be expected that the solid solution and aging effects 
will then be nil. 

A consideration of the notch-tensile and impact re- 
sults obtained by water quenching from 1100 or. 1200° F 
revealed a pronounced embrittlement. As indicated by 
the tests after heat treating at 1200° F for short times, 
the isothermal time at temperature must be long enough 
to allow the complete solution of the soluble phase 
(carbon) to yield the maximum changes in properties. 
With incomplete solution, the lower is the degree of 
supersaturation, and consequently, the slower is the 
rate and amount of precipitation, resulting in smaller 
changes in properties. The difference in behavior be- 
tween the two specimen types at long isothermal times 
can again be attributed to the spheroidization effect. 

On the evidence of the hardness properties after 
quench aging from 1300° F, Fig. 12, aging curves were 
obtained which were characteristic of quench-aging 
systems, i.e., the maximum hardness attained and the 
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Fig. 17 Effect of room temperature aging time on the 
transition temperature and hardness of C steel after water 
quenching from temperatures indicated 
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time to reach this maximum decreased with increasing 
aging temperature. 

The similar changes observed with the impact-transi- 
tion temperature, Fig. 13, are believed to be new ex- 
perimental data. The only information found on the 
impact-transition temperature changes due to quench 
aging in a similar grade of steel was in the work by Low® 
and was restricted to the room-temperature aging 
effects. In this paper it was shown that after quench- 
ing from 690° C (1275° F) the transition temperature 
increased continually over the aging interval of three 
years. ‘The total increase amounted to a 110° F rise in 
Charpy-keyhole-transition temperature (10 ft-lb value), 
with the greatest increase occurring in the first 10 days’ 
aging. This work was done with a '/,-in. hot-rolled, 
semikilled plate containing 0.17% carbon. 

Figure 17 shows the effect of solution temperature on 
the magnitude of the peak transition temperature and 
hardness reached by room-temperature aging after 
water quenching. — As is evident, increasing the solution 
temperature in the 1100 to 1300° F range results in a 
greater initial (as-quenched) hardness and, apparently, 
a greater initial transition temperature. Upon sub- 
sequent room-temperature aging, the magnitude of the 
peak also increases with increasing solution tempera- 
ture. This is to be expected in line with other quench- 
aging systems which show that a greater change in 
properties can be expected with increasing solution tem- 
perature (greater degree of supersaturation). 

To obtain a quantitative measure of the solid solution 
and the aging effects as a function of solution tempera- 
ture from room temperature to 1300° F, Fig. 18 has 
been prepared. Here, for each property, three heat- 
treated conditions are under consideration: (1) air 
cooled, (2) as-quenched and (3) quenched and aged 1 
month at room temperature. The air-cooled data sets 
the base line for evaluating the two effects, because in 
this condition it is assumed that the solid solution and 
aging effects are absent.* The difference between the 
as-quenched properties and the base line then yields 
the effect due to solid solution, whereas the difference 
between the as-quenched and quench-aged properties 
gives the effect due to aging. The aging effect may be 
altered for aging times greater than | month, but it is 
believed that the change would be slight, if any, and 
therefore the effect shown may be considered a maxi- 
mum for any particular solution temperature. 

This figure also shows that below a solution tempera- 
ture of about 650° F, the solid solution and aging effects 
are nil, but that above this temperature, both effects in- 
crease with increasing solution temperature. It is in- 
teresting to note that the hardness is affected to a 
greater extent than the transition temperature by the 
solid solution effect, whereas the reverse is true with 
aging. In any case, the two effects are interrelated and 
governed by the solution temperature which, in turn, 
controls the amount of carbon available for the precipi- 
tation reaction. 

* Hardness checks showed no change with time at room temperature 


Also, with impact specimens the transition temperature of the air-cooled 
series was the same as the as-received plate 
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Fig. 18 Solution and room temperature aging effects on 
the hardness and impact properties of C steel 


With cooling rates intermediate to an air cool and 
water quench, it is to be expected that these two effects 
will be minimized because of the lower degree of super- 
saturation, i.e., less carbon is retained in solution on the 
quench. 

From the metallographic changes occurring during 
aging, it would appear that a two-stage precipitation re- 
action is operative. The first stage (evident as a mot- 
tling of the ferrite) was responsible for the greater degree 
of embrittlement, while the second stage, in which a re- 
solvable precipitate was detected, was associated with 
an improvement in properties corresponding to a rapid 
overaged condition. Although no attempt was made 
at identification, the sequence of microstructural 
changes observed appear to be the same as reported 
recently.’ In this paper the metallographic changes 
occurring during the quench aging of an ingot iron 
(0.02607 carbon) were followed by means of the optical 
and electron microscopes, and the identification of the 
two-stage precipitate made with electron diffraction 
techniques. The first stage was identified as the hex- 
agonal e-iron carbide after 15 hr at 200° C (390° F 
The second stage was associated with a change in the 
erystal lattice to cementite (orthorhombic FesC), ob- 
served after aging 30 min at 300° C (570° F). 

It can now be speculated that in the aging of C steel, 
the formation of the transition lattice (¢-iron carbide) is 
associated with a high degree of embrittlement, while 
subsequent formation of the equilibrium phase (cement- 
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Fig. 19 Variation of transition temperature with distance 
from the weld centerline 


ite) brings about a large improvement in properties, 
corresponding to the rapid overaged condition. 


Comparison with Weldments 


In the weldment study the variations in ductility 
across the weld area of a C steel weldment were repre- 
sented by the distribution of notch-tensile-transition 
temperature, Fig. 19 It was believed that the maxi- 
mum duetility observed near the weld Junction was 
associated with a tempered martensitic structure, whose 
ductility was higher than that of pearlite. 

The location of the ductility minimum corresponded 
toa region which was not heated above the lower critical 
temperature, which, coupled with a relatively fast cool, 
pointed to embrittlement by the subcritical precipita- 
tion of carbide from ferrite (quench aging). That this 
mechanism Was operative appeared to be corroborated 
by the beneficial effects of higher preheat aud of post- 
heat treatment. The improvement of the ductility in 
this critical region with higher preheat was attributed to 
a slower cool, allowing less solid solution and = sub- 
sequent aging effects, while the virtual elimination of 
embrittlement by postheat was believed due to over- 
aging 

Because of a difference in the general types of mi- 
erostructure across the weld area, the hardness could not 
be used as a measure of ductility. The peak in hard- 
ness was associated with the maximum notch strength 
at the weld junction, but the minimum in notch strength 
occurred in a suberitically heated region, where the 
hardness was leveling off. However, considering the 
critical region which had the same general type of 
microstructure, the hardness appeared to be correlated 
with the ductility, ie., a higher hardness signified a 
higher transition temperature 

A tabulation of the pertinent results from the weld- 
ment study, Table 7, shows that the maximum em- 
brittlement (45° F increase in notch-tensile-transition 
temperature) occurred in a weldment made with 100° F 
preheat, 
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Table 7—Transition Temperatures* of Unaffected Base 
Plate and Zone of Minimum Duectility in C Steel Weld- 
ments 


Transition 
temperature, 
Location and welding conditions : 
Unaffected base plate (2 in. or more from weld center- 
line 


100° F preheat and interpass temperature 65 
100° F preheat and interpass temperature 65 
1100° F postheat with 100° F preheat 75 
Zone of minimum ductility (0.3 in. from weld center- 

line 

100° F preheat and interpass temperature - 20 
100° F preheat and interpass temperature 5 
1100° F postheat with 100° F preheat 7 


* At the midthiekness level of */.-in. plate. 


With a 400 
to a 20° F increase in transition temperature. 
parison, the suberitically heat- 
treated base plate showed an increase of 25° F in notch- 
tensile-transition temperature for the same plate (Plate 
I) and a 10° F for Plate II. 
sults, it would appear that the cooling rate for the 100° 
Fk preheat weldment is somewhat greater than that 


F preheat, the embrittlement amounted 
In com- 


air-cooled series of 


increase From these re- 


obtained by air cooling notch-tensile specimens, while 
for the 400 
about the same. 


I preheat weldment the cooling rate is 
Confirmation of this is seen in the 
cooling curves in Fig. 16. Only the cooling history of 
the first weld pass of the six-pass weld is shown at the 
zone of minimum duetility for the two weldments. 


Considering each weldment separately, subsequent 
passes resulted in a lowering of the peak temperature 
reached at the critical zone and a decrease in the cool- 
ing rate, as shown in Fig. 20. It can be expected that 
each weld pass would contribute to the solid solution 
and aging effects, but it is believed that the maximum 
temperature reached, time at this temperature and the 
subsequent cooling rate of the first few weld passes 


govern the amount of carbon initially retained in solu- 


tion, while the following passes serve mainly as short 
accelerated aging treatments. 

In so far as microstructural changes are concerned, 
the critical zone in weldments has not been identified 
to the 


with a precipitation reaction. However, due 


complexity of the heating and cooling cycles in a 
multiple-pass weld, it is difficult to determine the exact 
quench-aging cycle experienced. It has been shown in 
Fig. 16 that the cooling rate in the suberitically heated 
region in weldments is such that the ferrite is not super- 
the 


quenched test specimens. 


saturated to maximum possible as in water- 


Consequently, less carbon 
is available for the subsequent precipitation reaction 
and the resultant precipitate may not be detected. 

In regard to the changes in transition temperature 
and hardness, the results with base plate give the maxi- 
muin possible embrittlement of C steel by quench aging, 
Fig. 18. Any 
effects in base plate should be applicable to weldments 


treatment designed to remove these 


made of this and similar grades of steel. As was shown 
in Figs. 12 and 13, 
minimize the embrittlement, 


overaging treatments served to 
with the degree of em- 
brittlement decreasing with increasing aging tempera- 
ture. 
of the fact that the results were based on specimens air 
A consideration 


However, this finding must be qualified in view 


cooled from the aging temperatures. 
of Fig. 18 shows that if postheating temperature above 
650° F were used, then the possibility exists that an- 
other quench-aging eyele could be initiated if a fast coo! 
were employed. (Low®* arrived at the same cenclusion. ) 
Therefore, the postheating of weldments susceptible to 
quench aging should be restricted to a maximum of 
about 650° F when this danger exists. As this investi- 
gation showed, aging in this neighborhood (600° F) 
effected a rapid and considerable improvement in the 


ductility by overaging. 


CONCLUSIONS 


1. The quench-aging mechanism was responsible for 
the loss in ductility and the increase 
steel when suberiti- 


in hardness of C 
cally heat treated. 
2. The severity of the 


+ + + 


embrittle- 
ment increased with increasing cool- 
ing rate and with increasing solution 
650 to 1300° F; 
no embrittlement was present when 


temperature from 


employing solution temperatures less 
than 650° F. 


3. Isothermal time at temperature 
in the 700-1200° F range had _ rela- 
little effect on the 
softening 


tively properties 


other than a due to 
spheroidization which occurred at the 
longer times and higher temperatures. 

$. On the evidence of transition 
temperature and hardness changes 


Fig. 20 
6-pass weldments 
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Heating and cooling curves in the region of lowest ductility for two 
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after quenching from  1300° F, 
characteristic aging curves were ob- 
the peak embrittlement 


tained, i.e., 
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reached and the time to attain this peak decreased with the interest and he ip ol Dr. Finn Jonassen, Technical 
Increasing aging temperature Director ot the Committee on Ship Steel 
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specimens indicated that a two stuge precipitation re Ji who direeted the work, and ¢ \. Beiser and 1D. J 
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The results appeat to support the earl rstupposi 


tion that the quench-aging phenom non Was re sponsible 
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The Pressure Vessel Research Committee 
| Ny 
aunches the Second Phase of Its Progr 
MUNCHES THE SECON PHASE OL TIS 
» Higher design stresses foreseen as the result of new program of research 
through the proper use of available low-alloy high-strength steels 
HE Pressure Vessel Research Committee has, dur- of vessels dictated by presently authorized design 
ing the past year, started its comprehensive pro- stresses 1s approaching the limits that can be fabri- : 
gram aimed at securing bigher design stresses eated. Higher strength steels utilizing higher per- : 
through the use of suitable low-alloy” steels of missible design stresses are required in order to permit 
greater yield and ultimate strength. Having completed progress in the industry. At the low temperature end 
five vears of research work in eliminating some of the of the seale, there have been some failures in large stor- : 
guess work in design and securing accurate knowledge age tanks which have been subjected to cold) winter 
of the effeets of fabricating procedure, it has now temperatures 
oriented its major activities in testing low-alloy steels Having completed a great deal of its work on the 
statically and under evehe loads at stresses above o1 design of pressure vessels to reduce stress concentra- 
approaching the vield point, and, also, at low levels tion at points such as junctures of head to shell, it has 
for cases where pressure vessels may be utilized under turned its attention to supports and attachments. 
millions of stress cycles. At the same time, the Com- Some consideration is also being given to reinforced 
mittee is studying the effect of fabricating procedures openings. Formulas in use by code-making bodies are 
and stress concentrators, such as attachments and largely empirical. Exact knowledge has been obtained 
supports, through the use of small specimens, fairly for several of these field the remainder will be investi- 
large plates and model vessels; eventually, it will test gated in the second phase of the Pressure Vessel Re- ‘ 
full size boiler drums search Program 
Modern developments call for higher and higher Originally, the Pressure Vessel Research Committee 
pressures, associated with high temperatures, with and came into being as a result of suggestions by members 
without corrosive environments These combinations of the ASME Boiler Code Committee that the Welding 
call for thicker walled pressure vessels, and the size Continued on page 440-8 
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Multiple Contact Resistance 


® Phenomenon of contact resistance in high-current, 


low-impedance applications is analyzed. 


Spreading re- 


sistance and interface resistance of contacts are enclosed 


by William B. Kouwenhoven and 
Donald R. Hagner 


I. INTRODUCTION 


A. General 


N ALMOST every application where electricity is 
used the phenomenon of contact resistance is in- 
volved. When electricity flows from one conductor 
to another, resistance is introduced in the circuit at 

the point or points of contact between the two con- 
ductors. The importance of considering this resistance 
depends on the relative magnitude of the other circuit 
parameters. Fortunately, there are many applications 
where contact resistance may be neglected because the 
magnitude of this resistance is small compared to other 
impedances in series with it. In general, contact. re- 
sistance is important in high-current, low-impedance 
applications such as bus-bar connections, motor con- 
tactors or starters, spot and resistance welders and low- 
impedance measuring bridges. 

In this paper contact resistance, F,, is defined as that 
resistance Which exists at the junction of two conductors 
in excess of the normal conductor body resistance. For 
example, suppose that the resistance of a bus-bar is 1 
microhm per foot. Two sections of this bus-bar are 
joined and the resistance is measured between two 
points spaced 2 ft apart, including the contact. Al- 
though the calculated body resistance, R,, would be 
only 2 microhms the total measured resistance, [,, 
is found to be 3 microhms. The difference, | microhm, 
is the contact resistance, R,, 

R. = — Ry (1) 
There are two components of contact resistance which 
give rise to its existence, namely spreading or constric- 
tion resistance and interface resistance. These com- 
ponents are added to give the contact resistance. 


R. = Ro + 
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B. Spreading Resistance 


Spreading resistance arises from the fact that when 
two solid metallic conductors are brought together they 
touch at only a few points of the apparent contacting 
area. The current is constricted and forced to flow 
through these small subareas. Even a metal surface 
which is ground optically flat has hills and valleys, the 
dimensions of which are hundreds of Angstroms, so 
that the apparent contact area is never equal to the 
actual contact area. 

In 1912, Binder! gave an approximate formula for 
calculating the spreading resistance at a single contact 
spot which was later checked by Holm? using crossed 
platinum eylinders under heavy load. This formula is 

R, = ° (3) 
dy 
where p is the resistivity of the conductors and d, is the 
diameter of the contact subarea. This formula is ac- 
curate as long as ds is much smaller than the other 
dimensions involved. 

In 1950, Kouwenhoven and Sackett* determined the 
spreading resistance of a right circular cylinder of diam- 
eter, d;, the current being fed in through the end by a 
small co-axial cylinder of diameter, do. 
approximate the analytical solution of Laplace’s equa- 


It is possible to 


tion for such a configuration, and this was done by L. C. 

Roess for the problem of heat flow. Sackett converted 
his solution to electrical units. The result is: 

1.40925 ons 

0.29591 + 

dy 


0.05254 =, +...] (4) 
| 
where p is the resistivity of the conductor. In the 
derivation of eq 4 if was assumed that the material was 
homogeneous and isotropic with respect to p. This 
equation was very conclusively checked for a large 
number of samples of various sizes and materials. A 
semiempirical formula was given by Sackett for the case 
of a square bar with a small square constriction. It is 


0.925 1.30 W.? 
= 5) 
R, p [ W, + 0.27 
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where W, is the side of the large section and W, is the 
side of the small square constriction, as shown in 
Fig. | 

In general, it is very difficult to calculate or predict 
the spreading resistance of a given contact because of 
the uncertainty of the number, size, shape and location 
of the small conducting subareas. Fairweather’ gives 
a method of determining the approximate number of 
subareas by observing the minute changes in voltage 
across a contact as pressure and current are slowly in- 
creased. The location and size of these subareas, how- 
ever, are not known 

One would intuitively expect that the spreading re- 
sistance of a contact would decrease as the number of 
conducting subareas increased for a given pressure 
This phenomenon is evidenced by the lower contact 
resistance which is observed between two smooth sur- 
faces after they have been slightly roughened to give 
more points of contact. Many early experimenters 
noted this, although the explanation was not fully 
realized. 

G. Windred® gives an approximate formula for con- 
tact resistance involving the number of subareas, 7, 
forming the contact between two metallic bodies sub- 
jected to a load, P. It is 
Vif 


R (6 


2rAVP 
where fis the flow pressure or hardness of the material 
and \ is a constant related to the conductivity. Sack- 


ett® predicted that the spreading resistance would vary 


_ 4 W, cl oO 
A Wo A + 
A 
« he Wing 


SECTION AA 


Fig. | Square continuous metal 
contact 
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Fig. 2 Square 
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inversely as the square root of n on the basis of the 
following analysis. 
Equation 4 may be written in the following manner: 


RW, ww lWs\? 
0.925 1.3 + 0.275 ; (4) 
p Ws 

It is easily seen that the quantity on the left is dimen- 
sionless and depends only on the ratio of the appropriate 
sample dimensions. Consider a square sample with a 
single symmetrical square constriction of area, A», and 
let the ratio W, Ww equal a 


The spreading resistance of sample (a), Ry, can be 
| 


Call this sample (a). 
determined from eq 7 knowing Wy, pand a. Now con- 
sider a similar sample, ()), with the cross-sectional 
dimensions reduced by 1/4 n where n is equal to k® and 
kis a positive integer greater than one If the dimen- 


sions of sample (b) are 


W, W. 
Vn Vi 
then 
Wy (9) 
W.' 
and the dimensionless spreading resistance of sample (b) 
is the same as that of sample (a), 1. e 
W; Ravi 
- (10) 
p p 


lf eq Sis substituted In eq 10 the result is 
RV 


pvin p 


ol Ravn (11) 
Now if n of these type (b) samples 
are assembled side by side to form a 
square cross section, Wy, square, so 
that the samples are in parallel, the 
spreading resistance of this composite 


specimen is 


(12) 


\ 


Us Such a COM positle sample with 
Af / 
V/A J J J equal to four is shown in Fig. 2 
Substituting eq in eq 12 yields 
// : 
) 
A (123) 
Vit 


The total area of all the constrictions 


of the composite sample is equal to 


the area of the single constriction of 

¥ Just as Windred’s eq 6 shows, eq 
J 13 predicts that the spreading resist- 
ance ol a contact varies inversely its 


the square root ol the number of 


symmetrically placed contacts, pro- 


SECTION AA Vided the total contact area remains 


constant equation has never 


continuous metal 
contact (n 4) 


been proved experimentally 
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In 1952, Kouwenhoven and Little’ attempted to 
check this equation but their results were in error by 
large factors and only a few values of n were used, not 
including n equal to one. They also used round 
samples and it is impossible to divide a circle such that 


the subdivisions are circles or squares. 


Interface Resistance 


Any resistance at a contact which is due to phenom- 
ena outside the body of the conductors is usually 
called interface resistance. One of the main com- 
ponents of interface resistance is due to surface films, 
usually oxides, on the conductors which remain in the 
contact after pressure has been applied. Conduction 
through these films takes place by coherer action and 
tunnel effect. Neither of these phenomena gives re- 
sults as large as the resistance which would be calculated 
using the known bulk resistivity of the films. 

Coherer action is associated with thick tarnish films 
and is the means whereby small pressure contacts, such 
as household plugs and sockets, are able to funetion. 
In theory, as the voltage across a contact is increased 
small metallic bridges are suddenly formed through the 
film and the contact resistance decreases appreciably. 
This occurs when the electric field intensity in the film 
is of the order to 10° volts per centimeter. After this 
occurs, one finds that the temperature coefficient of 
resistance at the contact is the same as that of the metal 
being joined. This observation is the foremost ex- 
perimental evidence which leads to the theory that 
small metallic bridges are formed. They have never 
actually been observed 

Conduction through very thin films (less than 30 A) 
takes place by the tunnel effect. These films are 
usually thin layers of oxide or adsorbed gases. The 
effect can most easily be described by assuming that the 
thin film between the conductors in contact sets up a 
potential barrier. If the potential gradient remains 
small enough, the density of the tunnel current is pro- 
portional to the voltage. The factor of proportionality 
is designated as a, by Holm’. It has the character of 
a resistance per unit area and has been found to be 
essentially independent of the temperature 

If uniform films are assumed, the resistance at a con- 
tact due to thin films is dependent only on the area of 
contact and ¢«. To a first approximation then, the 
interface resistance, R,, is given by the expression 


R, = (14) 


where A, is the actual contact area. The assumption 
must be made that the load applied to the contact is of 
sufficient magnitude to rupture or squeeze out all thick 
films and leave only a thin film remaining. 

Applying this theory to square samples with square 
contact subareas, the contact resistance may be 
written as follows: 

Substituting eqs 7, 13 and 14 into eq 2 gives 


ABA-s Kouwenhoven, Hagner —Contact Resistance 


p 
Vin Wy 


(We\? 
[0.025 13 +0275 (42) | + 


where p is the resistivity, n the number of contacts and 
W, and W, the sample dimensions. The last term on 
the right, ¢/A», represents the interface resistance and 
the balance of the equation represents the spreading 


R., + R, = 


resistance. 


D. Object of Research 


There were two main objectives of this research. 
They were: (a) to study the effect of multiple conduct- 
ing paths on contact resistance, and (b) to investigate 
the discrepancies between the theoretical results of 
Kouwenhoven and Sackett and the experimental re- 
sults of Little. These objectives involve the following 
points which are discussed throughout the paper: (1) ex- 
perimental proof is needed that the spreading resistance 
varies inversely as the square root of the number, n, 
of conducting paths, (2) experimental proof is needed 
that the interface resistance is independent of n, (3) an 
accurate determination of the actual area of contact is 
necessary for each set of contacts, (4) the body resist- 
ance of wedge-shaped samples must be correctly cal- 
culated and (5) some indication of the effect of strain 
hardening of the metal should be given. 


ll. DESIGN OF EXPERIMENTS 


A. Multiple Constructions of Continuous Metal 


The most obvious way to check eq 13, would be to 
machine solid samples with various numbers of con- 
strictions so as to eliminate any interface resistance 
from the measurements. A sample with n equal to 4 
is shown in Fig. 2. As n is increased, it becomes very 
difficult to machine such a sample accurately from one 
continuous piece. 

Two samples were made with n equal to 4, one of 
brass and the other of pure zine. The samples were | 
in. square and about 12 in. long. The total constric- 
tion area was 0.022 sq in. for the zine sample and 0.009 
sq in. for the brass sample. Since these samples were 
broached and filed by hand, the constriction dimensions 
varied as much as 0.005 in. In each case, the measured 
spreading resistance was within 10°, of the theoretical 
calculated value which is the best one could expect for 
such crude samples. The construction of these samples 
pointed out the difficulty of making a solid sample with 
larger n, so another method had to be devised 


B. Multiple Subareas in Actual Contacts 


1. Controlling n. Kouwenhoven and Little’ used a 
method of controlling the number and location of sub- 
areas in an actual contact that looked promising. They 
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milled V-shaped grooves on the ends of cylindrical 
samples and mated the samples end to end so that the 
ridges were at right angles. The actual contact areas, 
which were assumed to be circular, were produced by 
plastic flow of the metal when the cylindrical samples 
were placed under heavy loads. 


A basic difficulty with this type sample is that it is 


impossible to divide a circle into smaller circles or 


squares. Therefore, it was decided to use square 
samples lf the yn grooves are milled on the ends of 
square samples there will be n contacts produced 
Several of these samples made of brass are shown in 


big 


Fig. 3) Picture of 3 samples 


There are many important factor 1 
which must be considered whet 
using this type of sample to measure paneer 
spreading resistance and making a ' 


comparison of the results with the 
theoretical equation. Among them 
are the following: (1) any measure- 
ment made across the contact will 


include some value of interface re- 
sistance in addition to the spreading 
resistance; (2) the ridged ends of the 
samples are of different shape than 
the ends of the samples for which 
the theoretical equation was derived; 
(3) the actual areas of contact must 


be accurately determined; (4) the 


shape of the contact areas may not 


be circular or square; (5) if the 
material is stressed mechanically to 
the point of plastic flow, it may not 
remain homogeneous with respect 
to resistivity; (6) a temperature 
variation in the samples will cause a 
resistivity variation aad (7) the film 
in the contacts may not be of uniform 


thickness throughout the entire area 


These factors will be considered below 


from the speculative point of view 
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2. Accounting for Interface Resistance. The fact that 
there is always some interface resistance present In a 
contact requires that eq 15 be used to describe the 
contact resistance. In order to use this equation, how- 
ever, the assumption must be made that there are only 
thin films present in the contact The form of eq 15 
suggests an experimental method of checking eq 13. 
Since the second term of eq 15, which represents the 
film or interface resistance, 2,, is independent of n, this 
term may be evaluated for any and the result used for 
all other values of n. The simplest method of doing 
this is to find R, when n is equal to one 

First a pair of samples was machined with a single 
ridge on the end as shown in Fig. 4. These samples 
were joined and put under load as shown. The total 
resistance, /?,, including the body or material resistance 
R,. and the contact resistance, Was measured using 
a potentiometer. * 

From this resistance was subtracted the calculated 
body resistance? R,, to obtain the contact re Istance, 
R,., according toeq 1. Now if the spreading resistance, 
R., were known, it could be subtracted from BR, to get 


the interface resistance, ?,, according to eq 2 
R (1) 
R R, +R (2) 


* Nleasuring technique de bed in Section III 
Kody resistance calculation eseribed 4 Sect VI Appendix 


LOAD 


6=45° 


MMM 


Fie. 4 Weduge-type 
and again in the discussion of results bodies) 


contact (two Fig. 5 Wedge-type continuous 
metal contact 
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Since this configuration is different from the one used 
in the derivation of the theoretical equation because of 
the wedge shape on the ends of the samples, the problem 
is to find the true Rk, forn = 1. In order to find R, for 
this shape, l-in. square brass samples were machined 
from solid metal to simulate the actual contacts and to 
keep p uniform, as shown in Fig. 5. These samples had 
no interface resistance since the metal was continuous 
throughout the body of the sample including the con- 
striction. This is the same artifice used by Sackett 
when he checked the theoretical spreading resistance 
equation. The spreading resistance of these samples 
was measured in the Kelvin Double Bridge in order to 
obtain high accuracy. 

The results of these measurements showed that the 
spreading resistance of the single crossed-wedge-shaped 
sample was very nearly equal to the value predicted by 
eq 5 which applies to square samples with a square con- 
striction provided the correct) body resistance was 
used, These results are more fully described in’ the 
section under results 

Now that /?. has been found for a single contact 
point, (mn = 1), the interface resistance can be caleulated 
using eq 2.) This value of interface resistance can be 
used for all other values of n provided the total area of 
contact remains constant. The spreading resistance 
for other values of m can be found by subtracting this 
R, from the contact resistance found by measurement. 
If the experiments were devised so that the spreading 
resistance were much larger than the interface resist- 
ance, for example by using silver contacts, then any 
error due to R, would be reduced considerably in the 
calculation of R,. The spreading resistance would be 
almost the entire measured contact resistance. 

3. Actual Arca of Contact. It can be seen from the 
foregoing that the actual area of contact plays an im- 
portant part in any study of contact resistance. There 
are two simple methods of determining the contact 
areas When these areas are formed by plastic flow of the 
metal. 

It is known that the area of contact between two 
bodies of metal is dependent more on the load applied 
than anything else. The metal flows until there is 
enough area in contact to support the load. If the 
hardness or flow stress, //7 in psi, of the material were 
accurately known, the area, A., would be given by: 

Ay 4 sq in, (16) 
where F is the applied load in pounds. This area is 
independent of a. The diffieulty with this method, as 
shown by Holm,’ is that the value of // is a very am- 
biguous quantity which is dependent on the shape of the 
samples, the elastic vield strength of the material and 
the rate of application of the load. [It is usually equal 
toabout three times the yield strength of the metal 

Another method of determining the contact area is by 
actual observation. After the samples are separated, 
they can be examined under a microscope to determine 
the size and shape of the contact areas. A disadvan- 
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tage of this method is that the observed contact area 
may not equal the actual contact area. A. J. Moore® 
has shown that deformities remain on the surface of a 
sample after extreme crushing has taken place. He 
forced a steel cylinder into the finely grooved surface 
of copper. The deformities were smoothed out, of 
course, but never disappeared entirely. Nevertheless, 
this method is preferred to the first for determining the 
actual contact areas because of the ambiguity of //. 

4. Effect of Strain Hardening. It would seem likely 
that the material near the contact would be strain 
hardened when two samples were joined and sufficient 
load applied to cause the metal to flow. If the resis- 
tivity of the material increases under this condition, 
there will be an increase in the total resistance measured 
across the contact. The strain hardening would be 
more pronounced for a single contact spot (n = 1), than 
for a higher value of n if the same load were applied in 
each case. Since the interface resistance is deter- 
mined on the basis of a single contact area and since 
the increase in resistance will appear in this term, the 
measured spreading resistance for higher values of n 
will be lower than those predicted by the theoretical 
equation. The value of R,, which is subtracted from 
R.,, to get R,,, will be too large. 

5. Effect of Temperature. If the temperature along 
the samples is not constant, there will be a resistivity 
variation which is very difficult to account for in the 
calculations. Kouwenhoven and Little found that by 
placing several contacts in series, the temperature varia- 
tion along a set of samples was very small. These con- 
tacts provide several heat sources along the set, and if 
enough time is allowed to elapse for thermal equilibrium 
before making measurements, the samples are all at 
approximately the same temperature throughout their 
length. The resistivity of each sample is measured at 
the same time as the contact resistance is measured. 

i. Uniformity of Film Thickness. There is 
sibility that the films which are left in the contacts are 
not of uniform thickness over the area of a particular 
contact spot. If the metal is strain hardened more in 
the center of a spot than at the edges, one would expect 
the film to be thinner at the center. Since o depends 
on the film thickness, the interface resistance would not 
be given by the simple formula 14. 


= 14 


The film resistance would be smallest for a single con- 
tact since the strain hardening is greatest when ” is 
equal to one, and the film would be of least thickness. 
Under this assumption, the measured spreading resist- 
ance for n greater than one would be larger than that 
given by the theoretical equation since the value of 
R,, which is subtracted from F,,, would be too small 


Hil. EXPERIMENTAL PROCEDURE 


Since it is desirable to have the spreading resistance 


greater than the interface resistance, it was decided to 
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use materials which developed oxide’ films slowly 
Silver was chosen since it is free of oxide It does form 
sulfide films, however, so the specimens were machined 


under a sulfur-free oil. Brass was chosen as a second 


material since it is much cheaper than silver and cat 
be cleaned so that only a very thin layer of oxide film 
remains on the surface It was also felt that the re- 
sults would be more convincing if more than one 
material were used. 

All the samples were of the form shown in Fig. 3 which 
illustrates n equal to 1,4 and 16. Brass samples were 3 
in. long and | in. square, that is Wy lin. Each 


Holes of 


diameter 0.02 in. were spaced 1'/. in. apart as shown in 


sample had the yn ridges milled on the ends 


the figure. The brass samples were cleaned of grease, 
immersed in a dilute solution of HCI and then scrubbed 
in cold water just before measurements were made 
For a particular value of , four of these samples were 
placed in series in a dead weight type loading machine 
so that the ridges of one sample were perpendicular to 
those of the adjacent sample Voltage probes were Ih- 
serted in the holes and a load of 230 Ib was applied. To 
insure an even distribution of the load over the ends of 
the samples, each end block of the loading machine 
rested in aspherical joint so that the machine would not 
support a torque. A plastic holder was used to support 
the samples with a single contact spot 

Measurements ol voltage were made between adja- 
cent probes with a type Ky. Leeds and Northrup 


Potentiometer and the appropriate switt hing circuits 


The current was also measured so that the resistance 


hig. 6 Picture of apparatus 
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bet ween probes could be calculated Measurements of 
spans not including a contact gave the resistivity of 
the material, and measurements of spans including a 
contact gave the term 2,, which has been called the 
total measured resistance. Each measurement was 
checked with the direction of the direct-current flow 
reversed, 

This procedure Wiis repeated with another set of four 
samples. The six values of ?, were averaged. Figure 
6 shows a set of brass samples in the loading machine 
and the associated equipment, 

Using brass, this experiment was performed for n 
equal to 1, 4, 16, 64 and 256. Each value of n was run 
at loads of 230, 920 and 1575 |b 

Silver samples were 2 in. long and '/,in. square. The 
voltage probe holes were spaced | in, apart. Only one 
set of six samples was used for each value of n and the 


five values of PR, were averaged Che values of nm used 


The only load used was 230 |b be- 


were 1, 4 and 16 
cause silver is a soft metal 

All contact areas were measured with a calibrated 
microscope, For samples with nm equal to 256 at least 
15 individual areas were measured and the total area 


Was calculated 


IV. RESULTS 


{. Spreading Resistance of Continuous Metal 
W edge-Shaped Contacts 


In order to find the interface resistance of a set of 


X—POINTS OF R, with 
— o 
° 
2 3 é 7 
Wwe 


Fig. 7 One-inch square brass, simulating crossed ridge 
samples 
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samples at a given load, it was necessary to calculate 
the spreading resistance for n = 1. The theoretical 
equation for square samples was known to be true for a 
cutback angle, 6, equal to zero only. Square samples 
of the form shown in Fig. 3 were measured in the Kelvin 
Double Bridge to determine the effect of the loss of 
material in the 45-deg cuts which were made to simulate 
the crossed-wedge shape used in the actual samples with 
varying values of n. 

The results of these measurements are shown in Fig. 
7. The ordinate of the graph is microhms and the 
abscissa is the ratio of the width, W,, of the square bar 
to the width, W., of the square constriction. Curve A 
gives the measured value of the total resistance, R,, for 
the four specimens with @ equal to 0 deg, and curve B 
gives the value of R, after @ had been cut to 45 deg. If 
the spreading resistance, R,, is caleulated from curve 
B assuming that the body resistance, R,, is not affected 
by the cut, then curve C results. If, however, the 
correction for the cut is included in &,, then curve D is 
the corrected R,. It is important to note that R, cal- 
culated from the measured results of curve A, where 6 
is zero, coincides with the corrected curve D. This 
means that the theoretical equation for square samples 
can be used to calculate the spreading resistance of the 
crossed-wedge-shaped samples, provided the correct 
body resistance is used. The body resistance correction 
is given by eq 17 which is derived in the Appendix. 


G G 
p [in (1 gre a] (17) 


B. Area of Contact 


It was not difficult to measure the projected area of a 
particular contact spot since these areas were almost 
perfect squares. Actually the indentations were 
formed by four triangular faces whose apex met at the 
center and whose bases formed a square. A photograph 
of an indentation in a brass specimen after a load of 
1575 Ib had been applied is shown in Fig. 8. 

The magnitude of the areas for a particular load was 
not constant for different n as one would expect. In 


ridge sample of brass 


Indentation produced by 1575-lb load on single 
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general, the areas increased slightly for larger n, leading 
to the conclusion that the metal was being strain hard- 
ened while forming the contact areas. The metal was 
probably strained to a larger extent for n equal to one 
than for higher values of n, since there is no reason to 
expect the strain to be linear with respect to stress when 
the material is at or near the plastic flow point. 


€. Variation of Contact Resistance with n 


The major results of this research are presented in 
Figs. 9-12. 

Figure 9 shows the results of the measurements made 
on '/s-in. square silver specimens. The curve marked 
R, is the measured contact resistance and the curve 
marked, “‘R, measured” is the spreading resistance ob- 
tained by subtracting the interface resistance from &,. 
The theoretical equations, 5 and 13, give the spreading 
resistance shown by the curve marked, “‘?, theoretical.” 
This set of curves shows excellent correlation and cer- 
tainly indicates that the spreading resistance varies in- 


versely as the square root of n. 


Micro Onms 


Fig. 9 Spreading resistance vs. N for silver—230 lb 


Micro - 


Fig. 10 Spreading resistance vs. N for brass—230 Ib 
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Figures 10, 11 and 12 show the results of measure 
ments made on 1-in. square brass specimens at loads of 
230, 920 and 1575 lb. The average contact resistance 
for the six measurements is shown along with the maxi- 
mum and minimum values obtained. The spread ts 
represented by circled points plotted above and below 
the contact resistance curves. The curves marked, 
“R, measured,’ were obtained by subtracting the inter 
face resistance, corrected for « hangs sin area, from the 
minimum value of contact resistance In each case, 
the general shape of the measured curves of spreading 
resistance is in close agreement with the shape of the 
theoretical curves. The measured values of F,, how 
ever, are slightly less in magnitude than the theoretical 
values, especially as n gets large. The curves are in 
close enough agreement to indicate that there is some 
other variable present which has not been taken into 
account, rather than an error in the theory. 

As was mentioned earlier, the possibility of non- 
uniform film thickness, due to strain hardening of the 


40 


N 


material, exists If this were the case, one would eX- 


pect the interface resistance to increase as n got larger 


since the films would be thicker for large values of n. 


This would mean that the measured values of spreading 
resistance would lie above the theoretical values since 
the value of interface resistance which was subtracted 
from the contact resistance would be too small. The 
results show that this is not the case 

If the resistivity of the metal inereased in the strain- 
hardened region, the spreading resistance would be 
affected Since Ry was calculated from the theoretical 
equations tor me jual to one, in the process of finding 
R,. the resulting interface resistance would be too large 
if the true R, were increased due to strain hardening. 
Anv measured resistance other than the ealeulated 
spreading resistance and body resistance will appear in 


If the 


se in resistivity becomes 


the interface resistance term for 7 equal to one, 
strain hardening and the increas 
smaller as m inereases, the curve of meastired spreading 
resistance would fall below the theoretical curve. The 


results show this to be the case 


V. CONCLUSIONS 


1. The spreading resistance of contacts between 
square samples varies inversely as the square root of 
the number of symmetrically placed contact subareas, 
pro\ ided the total contact area remains constant. The 
assumption must be made that the material is homo- 
geneous and Isotropi with re spect to resistivity. 

2. The interface resistance of contacts between two 
bodies is dependent only on the area of contact and not 
on the number of contact spots provided the contact 
areas are covered with only thin films 

3. The area of contact is not independent of the 
number of contacts, because of strain hardening 

1. For very accurate contact resistance calculations 
the resistivity variation due to strain hardening of the 


material should be taken into account 


Vi. APPENDIX—BODY -RESISTANCE 


Fig. 11 Spreading resistance vs, N for brass—920 Ib EQt ATION 

7 The body resistance of a sample is inereased when 
e wedg shape cuts are made due to the decrease in con- 
ducting material This increase is calculated below 


for the type sample shown in Fig. 13, assuming uniform 


eurrent flow acro each ¢ro section perpendicular Lo 


the «2 axis Current flow in the «2 direction and the 
section to be considered is from r equal zero to 6 
3° 
x The resistance of any ection, UW tumitorm current flow 
° 
Ma is assumed, is given by J,” pdl/A where p is the resis- 
0 tivity dlis the incremental length in the direction of cur- 
= 


Ry THEORETICAL 


rent flow and A is the cross-se tional area perpendicular 


to the current flow In this case A 2rwand r b-4 


R, x cot 6 as seen from Fig. 13 Substituting these values 
vields: 
° 
' 64 286 
N R / p da 
Fig. 12) Spreading resistance vs. N for brass—1575 lb Jo 2W (b+ x cot 0 
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tan 6 dx 
2W f, b+ x cot é 


Integrating this expression and evaluating at the limits 


gives: 
: p j G tan @ 
Eu = ow) {tan [In (b + x cot @) If, = 
p tan @ ( G 
ow i) 


The resistance of a section of length G tan @ if no 
material were cut away would be: 


pl pG tan 6 
A 2%b+QW 


Then the increase in body resistance due to the 
wedge-shape cut is given by R' = Ry — RR. Sub- 
stituting the above equation yields: 


_ptané G G 
= OW [in (1 + b+ 


Since each sample used in the experiments had such 
a section on the end and two samples were involved in a 
contact this result must be doubled. The cut-back 
angle used was always 45 deg so that the increase in 
body resistance for a single wedge-shape cut reduces to: 


G G 


= 2R' 


x 


Fig. 13° Definition of symbols 
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Research Council develop programs and carry out 
needed research which would result in safer and pos- 
sibly more economical pressure vessels. The Pressure 
Vessel Research Committee involves the cooperation 
of more than LOO scientists and engineers, seven uni- 
versities and a number of industrial research labora- 
tories. More than 30 reports have been published of 
value to fabricators and users of all kinds of pressure 
vessels. These concentrated efforts have resulted in 
the development of a wealth of information on the be- 
havior of steels as made by different deoxidation prac- 
tices, deleterious effects of the straining of steels asso- 
ciated with temperature or time and how these effects 
may be overcome, the manner in which steels which are 
ductile at ordinary room temperatures become brittle 
at low temperatures, and how brittle failure may be 
avoided by the selection of suitable steels, together with 
utilizing better design and workmanship. Other sub- 
jects have dealt with heat-treatment effects covering 
preheating vessels before welding, amelioration treat- 
ments by postheating, the influence or corrosive en- 
vironments on cracking and how they may be con- 
trolled, proof testing of vessels, the possible use of 
carbon steel plates of structural quality in’ pressure 
vessels in time of material shortages, and a host of 
other problems. The damage done by fabrication pro- 
cedures is no longer guess work; many factors can now 


be assessed and controlled 
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The whole basis of design by engineers may be 
changed as a result of this research work. Current 
practice is to base design upon ultimate strength. The 
actual strength of steel as developed by test is divided 
by a factor of safety of 4 to give the allowable design 
stress. In ordinary carbon steels the yield strength, 
that is, the stress at which a steel starts to elongate 
premanently under load, is about half the ultimate 
strength. The allowable design stresses are, therefore, 
about half the vield strength. Low-alloy steels, on the 
other hand, have a much higher vield point with refer- 
ence to their ultimate strength. If this research work 
proves that design stresses may be based on an average 
of °/, to */, the yield strength, then definite savings 
will result through the use of these low-alloy steels 
This is not going to be an easy task, as ASME Code 
rules for boilers and presure vessels have covered con- 
centrated stresses by empirical formulas that are con- 
servatively arbitrary and based upon many years’ ex- 
perience with medium tensile steels. There has been 
no comparable experience with these higher design 
stresses and available higher tensile steels because they 
have not been widely used. Research can be the only 
basis for judgment as to what will be safe in this unex- 
plored field. 

The actual rate of expenditure by the Committee ha» 
been less than $75,000 a year, with contributed re- 
searches on the part of industry amounting to an addi- 
tional $100,000. 
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atigue Properties of Weld Metal 


® Relative fatigue properties of weld specimens deposited with 
E7016 low-hydrogen electrodes and with E6010 high-hydrogen 
electrodes determined through comprehensive test program 


by L. A. Harris, R. B. Matthiesen and 
N. M. Newmark 


Summary 


Tests were made to provide information regarding the fatigue 
properties of weld Specimens deposited with it | 7016 low 
hydrogen electrode and with an E6010 high-hvdrogen 
The study included tests of longitudinally stressed all-weld-meta! 


specimens and transversely stressed Specimens which had the 


heat-affected zone centered in the test section Two extreme 
conditions were employed in the investigation: (1) the welds 
were preheated before each pass and were subsequently air cooled 


hetween passes, and (2) the specimens were not preheated but 
were water quenched 2 min after each pass 

The fatigue specimens were tested in axial tension, with a stress 
eyvele alternating in tension between a minimum of 1000 psi and 
a maximum. In general, the low-hydrogen E7016 weld metal 
stressed parallel to the direction of welding showed markedly 
better fatigue strengths than the 6010 weld metal, probably 
because of fewer imperfections in the material. The transverss 
specimens with the heat-affected zone centered in the test section 
had about the same fatigue strengths for the welds prepared 
from both ty pes ol electrode The static strengths of specimens 


prepared from the two types of electrode were about the same 


INTRODUCTION 


INCE the development of the mild steel low-hydro- 
gen type electrode, much attention has been focused 
on comparisons between welds produced with the 
low-hydrogen and with the high-hydrogen mild 
steel electrodes. Under both static and Impact test 
conditions, it has been found that welds produced with 


the low-hydrogen electrode, often have superior prop- 


erties. In the weld metal produced by the high- 
hvdrogen electrode, the presence of hydrogen is often 
associated with microcracking under conditions of rapid 
low-temperature cooling rates. The general superiority 
of the low- hydrogen weld metal and its relative free- 
dom from microcracking suggested that similar 
superiority might be evidenced in fatigue tests of the 
weld metals and perhaps in fatigue tests of the result- 
ant welds in structural steel. 
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The effect of hydrogen on the fatigue strength of 
weld metal has received some attention in the past. 
Staiger’ ° has noted that the fatigue strength of all- 
weld-metal specimens is reduced as much as 50° by the 
addition of moisture to the electrode coating lan- 
nigan® reports that the rotating beam fatigue strength 
of all-weld-metal E6010 weld specimens was reduced 
about 30-400, for specimens quenched in water about 
min after welding 

It is the purpose ol the present investigation to de- 
termine and to compare, quantitatively, the fatigue and 
the static tensile properties of welds deposited by a com- 
mercially available low-hydrogen E7016 electrode and 
by a commercially available high-cellulose 6010 elec- 
trode 

In order to investigate the fatigue properties, tests 
have been made of small-scale, polished specimens pro- 
duced under the conditions of preheating or of quench- 


ing 2 


min after welding. In Series A, the specimens 
were machined entirely from weld metal and were 
stressed longitudinally, parallel to the direction of weld- 
ng. In Series OF the specimens were stressed. trans- 
versely to the direction of welding and contained weld 
metal, heat-affected zone and base metal, with the 
heat-affected zone centered in the test section. The 
Series D specimens were machined entirely from the 
base material 

Three series of specimens were tested to determine 
the static tensile properties of welds prepared in the 
sume manner as those which were emploved in the fa- 
tigue investigation: (1) the Type A’'T longitudinally 
stressed specimen, which contained only weld metal; 
(2) the Type BT transversely stressed weld specimen, 
Which contained weld metal, heat-alfected zone and 
base metal; and (3) the Type DT plain plate speci- 
men, in which the base material was stressed trans- 


versely to the direction of rolling 


PREPARATION AND EXAMINATION OF WELD 
SPECIMENS 
Welding Procedures 


As previously indicated, the low-hydrogen 7016 
and the high-hydrogen E6010 electrodes were used in 
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this investigation. In order to limit the hydrogen 
present in the weld atmosphere to that produced by 
the decomposition of the electrode coating, the elee- 
trodes were oven dried at a temperature of approxi- 
mately 220° F for a period of one week. A limited 
study of the effect of different welding procedures in- 
dicated that the drying of the E6010 electrode did not 
have an adverse effect on its fatigue properties (drying 
might even have been slightly beneficial). The phys- 
ical properties and the chemical analyses of the semi- 
killed ASTM A7 steel used in the investigation are given 
in Table 1. 


Table 1—Physical Properties and Chemical Composition 
of Plate Material 


Yield point, psi 35,000 
Maximum strength, psi 61,000 
Reduction of area, % 55 
Klongation, % 30 
Chemical composition, % 
0.25 
Mn 0.48 
0.016 
Ss 0 036 
di 0.03 


Multiple pass welds were manually deposited in a 
single-V joint having a 45-deg included angle and a 
‘>in. reot spacing. The weldments were formed by 

in. plates and a '/,-in. backing strip, and were 
in. wide and in. long. The welding procedure 
employed 11 passes, each pass being deposited with a 
single electrode and with alternate passes being welded 
in opposite directions. The welding power was sup- 
plied by a 400-amp capacity direct-current generator 
of standard manufacture, which was adjusted so that 
the desired values of current and voltage were indi- 
cated on portable meters, connected as close to the are 
as practical. The welds were deposited under the con- 


ditions noted in Table 2. 


Table 2—Welding Variables 


Open- Average 
Volt- circuit rate Burn-off 
Size, Current, age, voltage, of travel, rate, 
Electrode in. amp v v ipm ipm 
6010 170 24 S4 4.2 9.5 
E7016 200 20 S4 4.2 9.3 


(ce) quenched 


b E7016 preheated 


(d) E7016 quenched 


Fig. 1 Macrographs of weld cross sections 
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4. 
(a) 6010 preheated 
> 


In order to establish the range of variation in fatigue 
properties which might occur in service, the welds were 
either preheated or water quenched 2 min after welding 
For the preheated specimens, the weldments were fur 
nace preheated to 450° F for 1 hr, and were air cooled 
for 5 min between passes, which allowed the weld metal 


pass Was deposited with the weldment at the preheat 


to cool to a temperature of 450-500 Hence, each 


temperature 
In contrast, the quenched specimens were not pre 


heated and were cooled after each pass by being water 


quenched 2 min after welding. The water bath was 
maintained at a temperature of about 56° F. After 
quenching, the weldment was dried in a stream of ail 


The temper- 
» 300-3507 F 


before deposition of the succeeding pass 
ature of the weld metal was found to be at 
the time of quenching. 


A comparison of the temperature of the preheated 


specimens, 5 min after welding, with the temperature of 


the quenched specimens, < min alter welding, indicates 
that the weld metal of the preheated specimens Is sub- 
jected to a more thorough heat treatment by the depo- 


sition of sueceeding passes than is the weld metal of the 


Vacroexamination of Weld Cross Sections 


In order to observe some of the differences in’ the 
structure of the weld metal produced by the preheating 
and by the quenching procedures, Macroexaminations 
of a transverse section of the weld pads were made. 
The specimens were metallurgically polished and etched 


nital solution 


with a2 


\ comparison of the macrographs, shown in Fig. 1, 
indicates two major differences in the appearance of the 
preheated and of the quenched weld cross sections. 
First, the heat-affected zone of the preheated specimens 
IS significantly wider than that of the quenched speci- 
mens. Secondly, most of the weld metal of the pre- 
heated specimens had been recrystallized by the heat. 
treatment of the succeeding passes, whereas a consid- 
erable portion of the quenched weld metal had not been 
recrystallized. Such differences are to be expected 
as a& consequence of the difference in the heating and 
cooling eveles 

Further observation of the macrographs indicates 
that defects are present in three of the weld cross sec- 
tions. The most defects, 


prominent those present in 


the preheated E6010 weld cross section, were located in 


quenched specimens the weld metal and are probably gas pockets. Both 
Table 3—Hardness Surveys of Weld Cross Sections 
3 
| 
Indents spaced 2 mm apart 
EG6O10 preheate preheater 
perage 
Vicker’s Vo. of Vicke Vo. of 
Reqion* Hardness Range readiuy Region* Hardne Range readings 
BM 126-149 14 BM 3S 
HAZ 145 120-164 25 HAZ iy 142.177 2 
WM WM 
Line | 153 143-164 13 Line | 178 160 190 12 
Line 2 15] 125-158 10 Line 2 160 17s 
Line 3 148 137-156 10 Line 3 153 147 168 
Totrat** 153 125-17 Torau** 147-108 51 
BUS 11a 111-127 } BUS 126 125127 2 
quenched enched 
Leverage 
Vicker’s Vo. of | he No of 
Hardne Range Req m* Ha adr Rea eadings 
BM 157 132-182 17 BM 148 132-167 22 
HAZ i74 161-192 15 HAZ 161 140 104 Is 
WM WM 
Line 180-191 12 Line | 156188 13 
Line 2 100 177 202 10 Line 2 154-179 10 
Line 3 174 163-180 Line 3 172 168 178 
Tora.** IS5 16.4 225 Tora.** Ita 1461S 
BUS 122 119-125 ; BUS 116 114-120 5 
* BM, Base metal: HAZ, heat-affected zone; WM, weld metal; BUS Jacking strip 
Total includes readings in lines l, 2, 4 ind 5 
SEPTEMBER 1953 Harris, et al.—Fatique of Weld Metal 143-8 


specimens deposited by the E7016 electrode contained 
defects at the fusion line. These defects could be either 
inclusions, gas pockets or regions of nonfusion with the 
base metal. No defects were present in this particular 


section of the quenched E6010 specimen. 


Hardness Surveys of Weld Cross Sections 


The specimens which were prepared for the macro- 
examination were subsequently used for hardness sur- 
veys. The polished and etched surfaces were indented 
with a 136-deg Vickers diamond indenter on a Tukon 
Hardness Tester using a load of I kg. For each speci- 
men, hardness readings, spaced 2 mm apart, were taken 
along three horizontal and three vertical lines as shown 
in the figure at the top of Table 3, in which the hardness 
surveys are summarized 

For the E6010 weld metal, the hardness increased 
from an average value of 153 for the preheated condi- 
tion to 185 for the quenched condition. On the other 
hand, the average hardness of the E7016 weld metal re- 
mained practically constant, being 169 and 167 for 
the preheated and the quenched conditions, respec- 
tively. Thus, only the hardness of the E6010 weld 
metal appears to be greater for the quenched condition. 

In the preheated condition, the E7016 weld metal 
shows a consistent decrease in hardness from 178 at the 
top horizontal line to 153 at the bottom horizontal line. 
The preheated E6010 weld metal showed only a slight 
decrease in hardness from 153 at the top line to 148 at 
the bottom line. The decrease in hardness with depth 
correlates with the longer heat treatment of the first 
passes and the successively shorter heat treatments 
of the later passes. The quenched specimens do not 
exhibit a trend of decreasing hardness through the 
thickness of the weld deposit. 

There were not sufficient points taken in the heat- 
affected zone to draw any definite conclusions regarding 
the hardness of this region. 


Chemical Compositions of Weld Pads 


Chemical analysis samples were prepared from the 
material along the centerline of both types of weld 
through their thicknesses. The average results of four 
analyses of each type of weld metal are presented in 
Table 4. Comparison of the analyses of the two types 
of weld metal indicates that for the E6010 weld metal, 
the carbon content is slightly lower, the manganese 
content is higher and the silicon content is lower than 
for the E7016 weld metal. 


Table #—Chemical Composition of Weld Pads 


Chemical composition, % 
Electrode Vn S Si 
E6010 010 O78 0023 0.083 0.20 
K7016 Ol O58 0025 0028 0.39 
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Hydrogen Content of W eld Pads 


Hydrogen analyses were performed on three adja- 
cent | 4-in. cubes cut from the center of each of the 
four types of weld metal. The specimens were ana- 
Ivzed at a commercial laboratory* using an analysis 
train similar to that reported by Carney, Grant and 
Chipman,* modified to analyze for hydrogen by a cali- 
brated thermal conductivity cell. The results of the 
analyses are presented in Table 5. 


Table 5—Hydrogen Content of Weld Pads 


E6010 E7016 
Preheated, Quenched, Preheated, Quenched, 


ppm ppm ppm ppm 
11.4 11.2 14 : 
10.1 9.3 
94 9.0 0.5 


There was a large amount of hydrogen, about 10 
ppm, present in both the preheated and the quenched 
K6010 weld metal; whereas relatively little, about 
| ppm, was present in the E7016 weld metal. It is 
important to note, as have other investigators,’ ~* that 
hydrogen was present in the weld metal deposited with 
the low-hydrogen E7016 electrode. Any differences 
which might exist between the hydrogen contents of the 
preheated or the quenched weld metals could not be 
determined because of the limited number of tests. 

In asubsequent investigation of double-V butt-welded 
joints prepared with the same electrode, the hydro- 
gen content of the E6010 weld metal was found to be 
about 3.0 ppm. Thus, tests of the all-weld-metal pads 
are more apt to be influenced by the effects of hydrogen 
than are tests of double-V butt welds in * ,-in. plate. 


Microcrack Investigation of Weld Metal 


One of the effects of hydrogen in weld metal is to 
cause microcracking under conditions of rapid low- 
temperature cooling rates. In order to determine 
whether microcracks occurred inthe weld metal produced 
under the present test conditions, a crack survey was 
made on a vertical section along the centerline of the 
weld metal. The specimens were processed by mechan- 
ical metallurgical polishing through successive stages 
of emery and then wet polished, finishing with a 5 4g 
alumina abrasive. The specimens were then given an 
electrolytic polishing in a chrome acetic bath (135 ml 
acetic acid, 25 gm CreO; and 7 ml of H.O) for 2 to 3 min 
After electro- 
polishing, the specimens were observed at a magnifi- 


at 20 v and a temperature of 15-19° C. 


cation of 150 & along three vertical traverses (approx- 
imately 0.05 in. wide) spaced at intervals of approxi- 
mately 0.12 in. 

No cracks were observed for either the preheated 
6010 or E7016 specimens; however, cracks were ob- 
served in the weld metal of the quenched specimens from 


* Anderson Physical Laboratory, Champaign, Ill 
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both electrodes. Twenty cracks were observed in the 
quenched E7016 specimen, whereas 108 cracks were 
observed in the quenched E6010 specimen. The cracks 
were present at all depths of the specimen and were or- 


iented approximately transversely to the direction of 


welding. Photomicrographs illustrating the size and 
the shape of the cracks are shown in Fig. 2. These 


cracks are similar to those noted by other investiga- 


9—11 


tors.* The relatively large number of micro- 
cracks in the weld metal deposited with the E6010 elec- 
trode is probably a function of its higher hydrogen con- 


tent 


DISCUSSION OF STATIC) TENSILE TESTS 


Preparation of Tensile Specimens 


The joint preparation and welding procedures used 
for the tensile specimens were the same as those used 
in the preparation of the fatigue specimens. The ten- 
sile specimens had a test section with a '/» mm. diam and 
a 2-in. gage length and were polished in a direction 
A 120- 
grit aluminum oxide cloth and oil were employed in 


transverse to the direction of the applied load 


the final polishing. 

The Type AT tensile specimen, which corresponds to 
the Tvpe A fatigue specimen, was machined entirely 
from weld metal and was stressed longitudinally, par- 
allel to the direction of welding. In order to determine 
the physical properties of a weld specimen stressed 
transversely to the direction of welding, the Type BT 
tensile specimen was machined from a strip cut trans- 
versely to the direction of the weld and contained weld 
metal, heat-affected zone and base metal in the test 
section, as did the transverse Type C fatigue specimen 
Plain plate specimens, Type DT, were machined so 
that the applied stress would be perpendicular to the 
direction of rolling as in the transverse weld specimen 
The specimens were tested in a 120,000-lb capacity 
Baldwin hydraulic testing machine at a strain rate of 
0.02 ipm 


Results of Tensile Tests of Longitudinal Type 
17 All-W eld-Metal Specimens 


Since the electrodes were purchased to meet the 
AWS designations E6010) and E7016, the tensile 
strength of the weld metal produced by the E7016 elec- 
trode was expected to be greater than the tensile 
strength of the weld metal produced by the E6010 


electrode However, the results, part (a) of Table 6, 
show that the static tensile strength of the two weld 
metals was about the same. For the preheated con- 
dition, both types of weld metal had a yield point of 
about 57,000 psi (nominal stress) and a maximum nom- 
inal strength of 70,000 psi. When quenched 2 min 
after welding, the strengths increased for both elec- 
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Fig. Typical microcracks in’) quenched weld pads. 
x 150 


ached 
. from 


(a) Microcracks in dendritic area about in. from top of qu 
E7016 weld pad. (b) Microcracks in equiaxed area 
top of quenched E6010 weld pad. 


trodes; the yield point to about 63,000 psi and the 
maximum strength to about 75,000 psi 

Although the maximum strength and the yield point 
were about the same for the two types of weld metal, the 


area and the percent elongation 


percent reduction « 
were considerably greater for the E7016 weld metal 
The results also indicate that the ductility of the 
quenched E7016 weld metal was not greatly reduced, 
whereas there was a large decrease in the ductility of the 
quenched E6010 weld metal 

Photographs of typical fracture surfaces of the Type 
AT specimens are shown in Fig. 3. With the excep- 
tion of one specimen which appeared to contain a defect, 
all of the preheated E7016 weld specimens had ductile 
cup-cone type tractures In the quenched condition, 
the fracture surfaces of the E7016 specimens appeared 
to be rough and quite porous, containing numerous 


small holes. Other larger defects were also present 
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The preheated E6010 specimens all contained gas 
pockets in the fracture surface, but otherwise had a 
ductile appearance. In the quenched condition, how- 
ever, the E6010 specimens not only contained gas 
pockets, but also contained numerous small, bright, 
cuplike surfaces which were oriented approximately 
perpendicular to the direction of the applied stress. 
These small defects, clearly shown in the photographs 
of Fig. 3, give the fracture a very rough appearance. 


(a) Type AT specimens 


PLAIN PLATE 


Fig. 3 
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E70IG6 QUENCHED 


E60IO QUENCHED 


(b) Type DT specimen (ce) Type BT specimen and 


Photographs of fracture surfaces of tensile specimens 
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Results of Tensile Tests of Transverse Type DT 
Plain Plate Specimens and Transverse Type BT 
eld Specimens 


The average results for the transverse Type DT plain 
plate specimens are summarized in part (c) of Table 6, 
and a typical fracture surface is shown in Fig. 3. The 
plate material was stressed transversely to the direc- 
tion of rolling as in the Type BT weld specimen. 

All of the transverse Type BT 

specimens, containin: weld metal, 

heat-affected zone and base metal, 
failed in the metal. The 
average results, reported in’ part 
(b) of Table 6, indicate that there 
were two distinct yield points: one 


base 


at about 37,000 psi corresponded 
to the yield point of the base metal, 
and another, a higher vield point, 
corresponded to the yield point of 
the weld metal. The magnitude 
of the higher yield pomt, which 
ranged between 52,000 and 65,000 
psi, was dependent on the type of 
electrode and on whether the speci- 
men was preheated or quenched. 
Because fracture occurred in the 
base plate, the tensile strength 
and ductility (reduction of area) of 
these specimens is approximately 
equal to the tensile strength and 
ductility of the base plate speci- 
mens, 

All of the fractures of the BT 
and DT specimens occurred in the 
base metal and the fracture surfaces 
contained striations characteristic 
of failure in the base material 


DISCUSSION OF FATIGUE 
TESTS 


Machining Procedures 


The fatigue tests were conducted 
to determine the properties of the 
weld metal stressed longitudinally 
and of the welded joint stressed 
transversely to the direction of 


welding. Therefore, longitudinal 


and transverse specimens were pre- 
pared from the weldments as indi- 
cated in Fig. 4. The all-weld-metal 
Tvpe specimens were stressed 
longitudinally, parallel to the direc- 
tion of welding. The Type C weld 


specimens were stressed trans- 


versely to the direction of welding 
contamed weld metal, heat- 
affected zone and base plate with 
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Table 6—Summary of Results of Static Tensile Tests 


Yield Varimur Reduction 
pont trength, of area Elongation 
Specime n (ype psi psi 


a) Longitudinal Type AT all-weld-metal specimen 


E7016 preheated 56,600 69,300 6S 

E7016 quenched 63,700 77.100 61 ON 

E6010 preheated 57,000 70,200 25 

£6010 quenched 63, 100 74,000 14 

Transverse Dy BT Weld specimen 

preheated 8.9000 63,700 23 
52, 400* 

E7016 quenched 35,600 64,700 7 15 
64 ,500* 

E6010 preheated 36,000 64,500 16 22 
52 ,600* 

£6010 quenched 36,000 63,800 16 6 
58 .000* 


c) Transverse Type DT plain plate specimen 
Plain plate 35,600 61,300 1) 


* The transverse weld specimens had two vield points, the lower 
corresponding to vielding of the plate material, and the higher 
corresponding to yielding of the weld metal 


the centerline of the specimens located in the heat- 


affected zone '/;, in. from the fusion line 


A series ot 
specimens, Type LD, were prepared from the base plate 
material so that the applied stress would be transverse 


to the direction of rolling as in the Type C weld speci 


mens 
The fatigue specimens, having a .-in. diam test 
section , mM long, were tested Ith axial tension with 


the stress evele Varying from minimum tension of 
approximately 1000 psi to a maximum tension All 
of the fatigue specimens were machined in a lathe 
equipped with a hardened cam which guided the carriage 
The de- 


tails of the fatigue specimen are shown in Fig. 4. The 


so that the tool would cut the desired contour 


specimens were polished in the direction ol the applied 
stress with successively finer grades of aluminum oxide 


¢eloth and finished with a crocus cloth 


Testing Procedures 


The fatigue tests were performed at room tempera 
ture in a 50,000-lb capacity Wilson lever type fatigue 
machine which ran at a speed ol approximately 300 
epm The essential features of the machine, shown 
in big 5. are a variable throw eccentris which trans 
mits force through a dvnamometer (for determining the 
load on the specimen) to a lever which in turn trans 
mits the force to the upper pull head at a multiplication 
ratio of approximately 10 to 1. The probable over-all 
accuracy ol the stress determination was estimated to 
be 2 to 3°), of the maximum stress applied to any speci 
men 

Since a uniform stress distribution was desired on the 
test section, special precautions were taken to align 
the specimen in the machine and to maintain this align- 
ment throughout each test. First, pull heads with 
spherical seats (see Fig. 6) were added to the test ma- 
chine to reduce the eccentricity caused by the initial 
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b. LOCATION OF TRANSVERSE WELD SPECIMENS 
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Cc. FATIGUE TEST SPECIMEN 


Fig. 4 Details of fatigue specimens 


seating ol the specimen Secondly, side plates were 
added to keep the upper and the lowe pull heads in 
line. Finally, a pair of adjustable guide links were 
attached to the upper head to control the direction of 
motion of the uppel head 
The variation in the eccentricity of loading on the 
in. diam weight bar (used to calibrate the machine) 


was obtained during calibration of the machine. As 


ever 0) | 
| 
Turnbuckie 
ynamometer 
tal 
J Pull Heods Variable Eccentric 
FAM 
| Motor 
| 
ORNs 
| 
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Fig. 5 Diagrammatic sketch of Wilson fatigue testing 
machine 
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Fig. 6 Tension apparatus used in the Wilson fatigue 
testing machine 


(a) Details of spherical seats. (6) Details of pull heads. 


shown in Fig. 7, the eccentricity of loading is relatively 
high for small values of average stress, but reaches a 
value of about 0.005 in. for higher values of average 
STTeSS. 

Since polished, unnotched specimens were being tested 
it Was necessary to stress many specimens beyond 
their yield points. Therefore, in determining the load 
to apply to the specimen, the “true” stress (based on the 
reduced area) was used. While the specimen was being 
loaded manually for the first evele, the reduced area 
was determined by measuring the diameter with a 
Cone-tipped micrometer, and the desired 
maximum load was determined so that the desired true 


stress Was not exceeded. 


Results of Fatigue Tests of Longitudinal AU-W eld- 
Metal Specimens—Series A 
The specimens for Series A were prepared entirely 
from weld metal in such a manner that the stress was 
applied longitudinally, parallel to the direction of weld- 
ing. 


z 
00s 
5 10 20 25 


AVERAGE STRESS IN KSI 


Fig. * Variation of eccentricity with average stress on 
in. diam calibration specimen 
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In order to cause failure, all of the preheated E7016 
specimens had to be stressed at or above their yield 
points. Particularly significant are the results of a 
preheated E7016 specimen which failed after 404,000 
cycles at a stress approximately equal to its maximum 
nominal static strength, as determined by the tensile 
testis. Thus, polished specimens of preheated E7016 
weld metal have a high resistance to repeated loads 
even at stresses approaching the maximum nominal 
static strength of the material. 

Only two of the quenched E7016 weld-metal speci- 
mens showed a definite yield point when being loaded 
manually for the first cyele; however, all of the speci- 
mens were tested at or above their vield points as de- 
termined by the tensile tests. 

In contrast to the E7016 weld-metal specimens which 
were subjected to stresses in the plastic range, only one 
specimen of the E6010 weld metal was tested at a stress 
above its vield point. 

The SN diagram for the Type A specimens is plotted 
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Fig. 8 Results of fatigue tests of longitudinal Type 4 all- 
weld-metal specimens 


in terms of nominal stress in Fig. 8. It is apparent 
that the fatigue strength of the E7016 weld metal, es- 
pecially that of the preheated E7016 weld metal, is 
significantly greater than the fatigue strength of the 
E6010 weld metal. In terms of the nominal stress, 
the fatigue strength of the preheated E7016 weld metal 
is approximately 25,000 psi greater than the fatigue 
strength of the preheated or the quenched E6010 weld 
metal. Similarly, the fatigue strength of the quenched 
E7016 weld metal is approximately 18,000 psi greater 
than the corresponding fatigue strength of the E6010 
weld metal either preheated or quenched. 

The results also showed that the E7016 weld metal 
quenched 2 min after welding has a fatigue strength 
about 7000 psi less than the fatigue strength of the pre- 
heated E7016 weld metal, but that the quenched and 
the preheated E6010 weld metals have approximately 
the same fatigue strength. Any effect of quenching 
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Table 7—Summary of Results of Type A Fatigue Tests 


/ No True \ 
Electrod Co on j 
Preheated 70 65 
Quenched ou Ou 
6010 Preheated 53 53 1) 10 
6010 Quenched 5s 53 10 10 


the E6010 weld metal appears to be masked by the 
effects of porosity or other defects It is not possible 
to determine the cause of the reduced fatigue strength 
of the quenched E7016 weld metal. One might suspect 
microecracking to be one of the Important lactors, 
although there are other metallurgical differences be- 
tween the preheated and the quenched weld metal 

Considerable experimental scatter is evident in the 
test results for each group of specimens, with the excep- 
tion of the preheated E7016 weld metal. This scatter 
is probably related to the size, shape, distribution and 
number of detects present in any particular specimen, 
although no direct correlation could be made on the 
basis of the appearance of the fractures 

The fatigue strengths corresponding to failure at 
100,000 and 2,000,000 cycles can be approximated from 
the SN diagrams and these values are summarized in 
Table 7 


strength for failure at 100,000 cycles for the preheated 


It was impossible to determine a fatigue 


E7016 weld metal because the load could not be main- 


tained above a nominal stress of approximately 68,000 


psi (75,000 psi, true stress), which approaches the max- 
imum nominal strength for this material 

After a fatigue erack had been formed and the test 
machine was stopped, the specimens were broken stat- 
ieally so that the fracture surfaces could be examined. 
Therefore, the fracture surface of each specimen Con- 
sisted of two distinctly different fracture areas: (1) a 
flat, smooth, silky area of fatigue fracture, and (2) a 
coarser and sometimes rough appearing area which 
was fractured statically Photozraphs of some frac- 
ture surfaces for each of the four conditions are shown 
in Fig. 9 

The most important conclusion drawn from the obser- 
vations of the fractured specimens is that the failures 
of all the specimens produced with the E6010 electrode 
originated at gas pockets Some of these specimens 
failed at gas pockets on their surface, others failed at 
internal voids, and some failed at two or more gas pock- 
ets lying in different planes transverse to the direction 
of loading. The longest dimension of the gas pockets, 
us measured on the photographs of the fracture sur- 
faces, Was estimated to be between 0.03 and 0.10 in, 

The fatigue fracture area of the specimens of pre- 
heated K6010 weld metal was usually a flat) smooth 
circle coneentrie with the gas pon ket from which the 
fracture initiated. The tensile fracture area had a 
rough appearance, and contamed gas pockets or other 
defects in this area 

Generally the quenched E6010 specimens had a fa- 
tigue fracture somewhat rougher in appearance than 


the preheated specimeits The tensile fracture 


a. E60IO PREHEATED 


b. E7O0IG PREHEATED 


c. E6OIO QUENCHED 


6. QUENCHED 


Fig. 9 Photographs of fracture surfaces of longitudinal Type A all-weld-metal fatigue specimens 
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Fig. 10) Results of fatigue tests of transverse Type C weld 
specimens 


area for all of the quenched E6010 specimens contained 
a large number of bright appearing areas in a rough 
fracture surface. Under microscopic examination, 
the small bright areas appeared to be cuplike surfaces 
oriented perpendicular to the axis of the specimens, as 
were those found in the tensile coupons. 

Only one of the specimens of preheated E7016 weld 
metal had a visible defect thought to be the pot of 
initiation of fatigue fracture. Generally, the fatigue 
fracture of the preheated E7016 weld metal started at 
the surface of the specimen and was flat, smooth and 
perpendicular to the direction of the apphed stress. 


E6O0IO PREHEATED 
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Fig. 11 Photographs of fracture surfaces of transverse Type C weld fatigue specimens 


Table 8—Summary of Results of Type © and Type D Fa- 
tigue Tests 


Fatigue strength 


f 
True, Vominal, True, Vomina 
Electrode Condition ksi ksi ksi ksi 
Preheated 48 54 1S 52 448 347 
L7016 Quenched 19.53 51-53 
6010 Preheated 42-53 12.51 47 AT 
6010 Quenched 45-56 $4056 50-50 10 52 
44 


Plain plate 


The tensile fracture had a ductile, shear-type appear- 
ance. 

With one exception, the specimens of quenched E7016 
weld metal failed at internal defects appearing to be 
gus pockets. However, these defects were small in 
comparison to the gas pockets in the E6010 weld metal 
The tensile fracture area contained small, bright defects 
in an otherwise ductile area, but the defects were neither 
as numerous nor as large as those in the quenched 
6010 weld metal. 


Results of Fatigue Tests of Transverse Specimens 
with the Heat-Affected Zone Centered in the 
Test Section—Series C 


For the transversely loaded Type C specimen, the 
center of the specimen was located in the heat-affected 
zone '/y¢ in. from the fusion line, and therefore, the 
test section contains weld metal, heat-affected zone 
and base plate. In the entire series, all but four of the 
specimens were tested at stresses above their vield 


d. E70I6 QUENCHED 
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Ge 
b. PREHEATED 
c. E60IO QUENCHED 


points, which were above the yield pomt ot the base 
metal and below the vield point of the weld metal 

The SN diagram for the Type C series is presented in 
The seatter of the 


test results is so great that little difference can be de- 


terms of nominal stress in Fig. 10 


tected between the results from specimens prepared by 
different welding procedures, except Tor the quem hed 
E7016 specimens W hich have a slightly higher resistance 
to fatigue Because of the amount of scatter, the re- 
sults, summarized in Table &, are reported as a range of 
stress. No values for fio are reported for the E7016 


preheated specimens because the load could not be 
maintained above a nominal stress of about 55,000 psi, 
at which stress failure generally occurred after about 
100,000 eveles 

The appearance of the fracture surface in the weld 
metal depended on the weld procedure, but the fracture 
surfaces in the base metal was characterized by hight 
striations in the fatigue fracture and by heas V striations 
in the tensile fracture. Photographs of typical fracture 
surfaces of the Type C specimens are shown in Fig. 11 

All of the fatigue fractures of the preheated E6010 
weld specimens initiated at gas pockets, remained en- 
tirely in the weld metal, and were flat, smooth and 
shiny. Usually the tensile fracture was in the weld 
metal and had a ductile appearance, although for two 
specimens the tensile failure progressed into the base 
metal and had a rougher striated appearance in that 
region 

For the quenched E6010 specimens, one failure started 
from a defect at the fusion line, whereas the other 
failures started at gas pockets in the weld metal Two 
specimens failed entirely im the weld metal, and were 
characterized by flat smooth fatigue fractures and rough 
tensile fractures containing numerous small bright sur 
faces. Although smaller and elongated in the trans 
verse specimens, these bright surfaces are believed to 
be the same type of defect as the small bright cuplike 
surfaces observed in the quenched E6010 longitudinal 
Type A’ specimens. For the remaining quenched 
E6010 longitudinal Type A specimens, the fatigue and 
tensile fracture areas were in both the weld metal, which 
contained iis pockets and small bright surlaces, and in 
the base metal, which was striated 

In four of the preheated E7016) specimens, failure 
originated “ata defect either an inclusion, a gas pocket 
or a region of nonfusion) near or at the fusion line 
Because ol these defects, the fatigue tractures were 
rough and vsually not flat In the tensile fracture are Ss 
striations, characteristic of failure through the base 
metal, were evident in all qi the specimens althon 


some specimens also contamed small evgions of weld 


metal in the tensile fracture area 

For the quenched specimens, the fatiorue 
fractures initiated either at a defeet in the weld metal 
or at the surface of the specimen All of the speei 
mens tor which faihire started at the surface appeared 
to have failed entirely in the base metal. lor the spee- 
imen which failed at a defect, both the fatigue fracture 


and the tensile fracture were rough and appeared to be 
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Fig. 12) Results of fatigue tests of transverse Type D plain 
plate specimens 


partially in the weld metal and partially in the base 


metal 


Results of Fatigue Tests of Plain Plate Specimens 
Series D 


To establish a basis of comparison Tor the Type C 
weld specimens, & series ol plain plate SDCCHIIIEIIS, Type 
1), were prepared in such a manner that the base metal 
would be stressed transversely to the direction of rolling 
as in the Type © specimens 

All of the specimens were stressed above their yield 
points. When plotted as an SN diagram, Fig. 12, the 
results appear to be consistent and indicate a fatigue 
strength of about 43,000 psi nominal stress (44,000 


psi true stress) at 2,000,000 cycle o value for the 
fatigue strength at 100,000 eveles could be determined 
because the load on the pecimen could not be main- 
tained at a stress above 46,000 psi nominal stress 
50,000 psi true stress 

\ comparison of the fatigue strengths of the base 
material and the Type C weld specimens indicates 
the quenched M7016 weld specimen hac higher 
fatigue strength (51,000 53,000 psi nominal stress at 
2? QOO000 eveles) than the plain plate specimen (43,000 
psi nominal stress at 2,000,000) whereas the 
range of fatigue strengths reported for the preheated 
E7016 and for the preheated or quet ched E6010 weld 
specimens bracketed the trenyth of the plain 
plate specimens 

The fractures mitiated at the irface for all of the 
plain plate specimen The fatigue fracture was flat 
lied Stress, 


and perpendicular to the direction of the 
| In the 


but was rough and contained light striations 
tensile fracture area, the surface was rough, jawed and 
deeply striated. A photograph of a typical fracture 


is shown in Fig. 13 
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hig. 13°) Photograph 
of fracture surface of 
transverse Type D 
plain plate fatigue 
specimen 


CONCLUSIONS 
Longitudinal Type 1 All-Weld-Metal Fatigue 
Tests 


|. The fatigue strength of the E7016 weld metal 
was found to be significantly greater than the fatigue 
strength of the E6010 weld metal. In terms of the 
nominal stress, the fatigue strength for the preheated 
E7016 weld metal was approximately 25,000 psi greater 
than that of the preheated or the quenched E6010 weld 
metals. Similarly, the fatigue strength of the quenched 
7016 weld metal was approximately 18,000 psi greater 
than the fatigue strength of the E6OLO weld metal. 

2. Gas pockets appeared to be the primary cause of 
the reduced fatigue strength of the E6010 weld metal. 
The fatigue strengths of the quenched and of the pre- 
heated E6010 welds were about the same, fracture 
initiating at gas pockets in all cases. These gas pockets 
appeared to mask any difference in the fatigue behavior 
of the quenched or of the preheated E6010 weld metal, 
which had a fatigue strength at 2,000,000 eveles of 
approximately 40,000 psi. 

3. Polished specimens of preheated E7016) weld 
metal had a high resistance to repeated loads at stresses 
approaching the maximum nominal static strength of 
the material. For failure at 2,000,000 cycles, the fa- 
tigue strength was 65,000 psi nominal stress. 

1. The E7016 weld metal quenched 2 min after 
welding each pass had a fatigue strength about 7000 
psi nominal stress less than the fatigue strength of the 
preheated E7016 weld metal. 

5. The fatigue failures of the quenched E7016 weld 
metal appeared to initiate at small defects. 


Transverse Type C Weld Specimen Fatigue Tests 


6. Exeept for the quenched E7OL6 specimens, the 
transverse weld specimens containing weld metal, 
heat-affeected zone and base plate had approximately 
the same fatigue strengths when prepared by the dif- 
ferent welding procedures employed in’ these tests. 
The quenched E7016 specimens had a slightly higher 
resistance to fatigue. 

7. Considerable scatter was noted in the test re- 
sults for the Twpe C specimens. The preheated and 
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the quenched E6010 specimens and the preheated 
7016 specimens had fatigue strengths for failure at 
2,000,000 cycles in the range of 37,000-52,000 psi, 
whereas the quenched E7016 specimens had a fatigue 
strength for failure at 2,000,000 eveles of 51,000-53,000 
psi. 

8. The fatigue strengths of the transverse weld spec- 
imens were not greatly different from that of the trans- 
verse plain plate specimens, which had a fatigue strength 
for failure at 2,000,000 cycles of approximately 43,000 
psi. 

% The fatigue failure of the Type C E6010 weld 
specimens originated at gas pockets for all but one spec- 
imen Which failed at a defect at or near the fusion line 
The fractures of the E7016 specimens initiated either in 
the base p.ate or at defects at or near the fusion line. 


Longitudinal Type AT All-Weld-Metal Tensile 


Tests 


10. The results of the longitudinal all-weld-meta! 
tensile tests showed that the yield points (57,000 psi 
nominal stress) and the ultimate strengths (70,000 psi 
nominal stress) of the preheated E6010 and the pre- 
heated £7016 weld metals were approximately the same 
Similarly, in the quenched condition, the yield pout 
and the ultimate strengths of the two types of weld 
metal were approximately equal, but increased to 
63,000 and 75,000 psi, respectively. 

11. The ductility of the E7016 all-weld-metal spec- 
imens Was significantly greater than that of the E6010 
weld metal for both the preheated and the quenched 
conditions. 

12. All of the preheated E6010 weld specimens had 
gas pockets in the fracture surface; in addition to 
gas pockets, the fractures of the quenched E6010 weld 
metal contained numerous small, bright, cuplike sur- 
faces. The quenched E7016 weld metal contained 
gas pockets and defects, and numerous small holes which 
made the fracture surface appear porous. Only one of 
the preheated E7016 weld specimens had a defect in its 
fracture surface. 


Transverse Tensile Tests 


13. All of the transverse weld tensile coupons, con- 
taining weld metal, heat-affected zone and base metal, 
failed in the base metal. The base metal had a yield 
point of 35,000 psi and an ultinrate strength of 61,000 
psi. These values are both considerably lower than 
the corresponding values obtained from the longitudinal 
all-weld-metal tensile tests. 
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{ Proposed Investigation on Wedge Beams 


TIS proposed to carry out investigations at Colum- 
bia University to determine the behavior of wedge 
shaped beams to the end that if these beams can be 
designed and used properly, considerable savings 

will result in the amount of steel and weight. This 
type of construction would be applicable in buildings, 
bridges, ships and in other types of industrial applica- 
tions 

At present, available rolled sections are not economic- 

ally adaptable to certain stress patterns, and in many 
cases their use results in considerable waste in framing 
materials For columns and beams in conventional 
framings, and for all members in wedge-beam framing, 
where the stress pattern is essentially that of a canti- 
lever, the use of wedge-shaped section would provide 
appreciable savings in the amount of steel and in the 
cost of framing. Some of the needed members can be 
built of segments cut from rolled sections; others, more 
advantageously, by welding together plating cut along 
trapezoidal outline. The proposed program will fur 
nish fundamental design data for proper choice and 


utilization of wedge-shaped members 


SCOPE OF PROGRAM 
The program will cover two types of members 


(a) Wedge beams of tapering depth and constant 
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flanges, built of segments cut from rolled I- 


beams and channel SeCTIONS 


(h Wedge beams of tupering depth and flanges, built t 
of plating 

The investigation will cover the elastic stability and 
the ultimate strength of wedge beams subjected to (a) 
bending stresses and (b) bending and axial stresses 

The experimental phase of the investigation will f 
consist of testing full-size specimens under representa- 
tive conditions of loading 

COST 

It is estimated that some 48 beams will be required, 
In order to provide uniform loading, special jigging and 
fixtures will have tobe devised. It is expected that this 
program will extend over a three-year period, and that ' 


the total cost will be of the order of $50,000. Of this 
amount, $25,000 has been conditionally pledged, pro- 
vided the Welding Research Council can secure checks, 
or responsible underwriting of the balance. It is ex- 
pected that approximately $25,000 will be spent the 
first year, and $12,500 in each of the two remaining 
vears. For further information please communicate 
with W. Spraragen, Director, Welding Research Council, 
29 W. 39th St., New York N. 
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Porosity the Welding Carbon Steel 


» Effects of current density, deoxidation practice of electrodes and base 
metal, and addition agents to theinert-gas atmosphere, upon the for- 
mation of porosity in inert-gas-shielded metal-arc welds in carbon steel 


by Glenn W. Ovler and being welded at speeds from 1 to 20 ipm MATERIALS 


Robert D. Stout A vacuum pump was connected to the 
chamber to evacuate the air before purging Phe chemical composition of the base 


with the desired atmosphere, plates and electrodes used in this investi- 


gation are given in Table 1. The prinei- 


INTRODUCTION After insertion of the plate, the chamber 
was sealed and evacuated to 5 mm. of pal variations among the plates were in 
T IS a« tribute to the modern processes mereury and then purged with the desired the deoxidation practice and the carbon 
| of welding that the welding engineer gas while still leaving the pump in opera- level. All of the plates were */, in. thick 
has become accustomed to meet rigid tion. This evacuating and purging cycle with the exception of the 1080 steel which 
requirements with respect to weld metal was repeated three times to insure ac- was '/, in, thick and the H steel which 
soundness. With proper procedures, weld curate control of the desired atmosphere. was °/, in. thick, The electrodes used in 


this study were '/i¢ in. in diameter and 
either of the killed or rimmed type. 


metal can be deposite lin a wide variety of 


materials with remarkable freedom from Hand Torch 
porosity and inclusions. Nevertheless, Commercially pure (99.9%) argon gas 
porosity becomes a recurrent problem as The greater part of the investigation was used in most cases as the inert at- 
processes are modified and higher current was conducted with an inert-gas-shielded mosphere. A few welds were made in 
and travel speeds are applied in fabrica- metallic-are hand torch. The same con- helium for comparative purposes. Ad- 
tion trol unit incorporated with the chamber ditions such as oxygen, nitrogen, hydrogen, 
The investigation reported here is a setup was used with the hand torch. carbon monoxide and carbon dioxide 
continuation of work published previously, * The hand torch was mounted on a lathe to were added to the inert gases to study 
in which it was shown that the electrode, give controlled welding speeds. Reverse their effect on the porosity) and are charac- 
the base metal and the atmosphere in polarity, direct current was used through- teristics. The flow of gases was controlled 
inert-gas-shielded metallic-are welding can out the study. by calibrated flowmeters. When two 


or more gases were added to the atmos- 


all contribute constituents which lead to 


phere, a specially constructed steel cham- 


porosity. In the present investigation a Plate Preparation and Handling a oo 
more thorough study was conducted on ber was utilized for complete mixing of 
the effects of such factors as current den- All plates were surface-ground and de- the gases, 

sity, the deoxidation practice of electrode greased with carbon tetrachloride after 

and base metal, and addition agents to being cut to 3 by 12 in. size. The plate 

the inert-gas atmosphere thickness was °/, in. for most of the tests, EXPERIMENTAL RESULTS 


Welding was carried out at 10 ipm travel 


APPARATUS AND PROCEDURE speed. Duplicate welds were deposited as Types of Porosity and Its Quantitative 
beads on plate on each specimen, After Evaluation 
Welding Chamber welding, the specimens were radiographed 
for a porosity count, and a selected num- The radiographs of the welded plates 
Most of the preliminary work was ber were cross-sectioned for macroexam- had a sensitivity of about 1%. The 
carried out within a specially constructed ination and for chemical analysis amount of porosity was determined by 


welded steel chamber described pre- 


viously.* An automatic rod feed and 


control assembly was incorporated with 


the sealed, controlled-atmosphere, steel 


Table I—Chemical Analyses of Base Plates and Electrodes 


chamber The chamber wis equipped 


with a& pressure cage, gus inlets and out- Comnosition % 
lets, an access opening, a viewing opening, Designation Vn Si P S Cu 
a guide tube opening and a sliding mecha- Plate 
nism driven by a lathe bed to enable 1080 killed 0.80 O74 O14 0.021 004 
1035 killed 0.34 O72 0.21 0.024 0.083 012 O18 0.22 
1032 killed 032 O71 0.17 0.014 0.033 
Glenn W. Oyler is connected with The Linde 1021 killed 0 21 067 020 0.022 0 027 
Air Products Co., Newark, N. J, and Robert B.C. semikilled 0 21 078 0.08 0018 0.081 
1014 rimmed OM 0.36 0014 0.033 
; H rimmed 025 0.36 0016 0OO8f OOF O15 0.19 
Scheduled for presentation at the 34th National res 
Fall Meeting, AWS, Cleveland Ohio, week of Wire , 
Oct. 18, 1953 No. 32 killed 022 
aad Mout, D., in No. 43 rimmed 007 O19 


Mild Steel Weld Metal”, Tue Journat, 
31 406-6 to 420-8 (1052 
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Onygen 
SE J 
350 360 370 380 wo 400 
Fig. 1 Types of porosity: Upper—countable; Center—uncountable; Lower— AMPERAGE 
herringbone hig. 2 Plot of porosity versus amper- 


counting, where countable, the number of 
holes falling within three size ranges: those 
holes greater than '/\, in. in diameter, 
those between ! « and in. and those 
less than '/g. in. The amount. of porosity 
was recorded as the number of holes per 
inch of weld in each size range. When 
gross porosity was encountered, the re- 
sults were reported as uncountable or 
“herringbone” porosity depending on the 
distribution of the pores 

Three distinct types ol ra liographs 
were obtained from this study. The 
first type of radiograph (Fig. 1) was that 
showing from zero porosity to an amount 
of spherical porosity that was countabl 
The second type was that showing a large 
amount of porosity that was uncountable 
but still spherical in) shape The third 
tvpe was that having a large amount of 


porosity Which was uncountable; some of 


which retained its spherical shape and 
others of which apparently elongated it 
the direction of welding. The latter 


porosity was designated as “herringbone 

The photographs in Fig. | indicate the 
type of porosity patterns encountered in 
this investigation. In the welds made in 
the 1080 carbon steel, numerous cracks 
such as are evident in the top radio 
graph were present due to the high carbon 


content of the weld metal 


Comparison of Porosity Level Pro- 
duced in Chamber and in Torch 


elds 


In order to justify the use of the hand 
torch as a more convenient test method 
it was necessary to compare the results of 
these welds against those made in the 
sealed chamber. Table 2 indicates that 
the hand torch duplic ites closely the con- 
ditions provided by the chamber. Since 
the results obtained by the two techniques 
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age for welds made in 1032 killed steel 


ol welding were similar, the hand torch rane Vo. 32 killed electrode 


was used for the remainder of the investi- 


gation. 


Welding Variables 
12 
Current Density. In the first series of 
welds made with the hand torch, the poros 
ity obtained in an atmosphere of welding 10 
grade argon was observed to fluetuate in ven 
the range of 375 amp. Therefore, the x 
sensitivity of porosity to current level was 28 
determined with greater precision, <A 
1032 killed steel was welded at various - 
current settings in pure argon and 5% F 
oxvgen-argon itmospheres When the 
welds were made in the ingon itmosphe re 4 
(see Fig. 2 large increase in porosit 
occurred it and above ipproximatel 
370 to 375 amp mrp in 
porosit issociated with a change of 
veld contour discussed later When the 
welds were made it 15° oxveen-argon Sex 370 
AMPE RAGE 


itmosphere, no increase in the amount of 
hig. 3) Plot of porosity versus amper- 


age for welds made in 1014 rimmed 
steel using No. 32 killed electrode 


porosity Wa noted up to a current level 
of 400 amp Phe oxvgen addition to the 


Table 2—Comparison of Data Obtained in Welding Chamber and with Hand 
Torch 


1035 killed steel, 350-375 amp, 10 ipm, duplicate test 


Poro fy per wich 
Welding chambs Hand torch 


Ele - lo 
{fmosphere trode 

Argon 32 0 0.5 5 0 0 | 
H.and A 32 0 0) 
10° Noand A 32 0 1.4 ) 0 2 1.5 
10% Ooand A 32 0 0 1.5 0.5 
10% CO, and A $2 0 0 0 0 
100% CO 32 0 0 0 0 0 0 
Argon 0 0.3 } 0.1 1 
10% Hand A 13 Herringbone Herringbone 
10% Neand A 13 Herringbone Uneountable 
10% Ov and A 13 0 0.6 3 1 2 3 
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atmosphere stabilized the are and as will 
be shown influenced the contour of the 
weld 

A similar series of tests was made on 
1014 rimmed steel to determine if the 
eurrent level had a similar effect on poros- 
ity in this steel. With an argon atmos- 
phere (Fig. 3), the transition was not as 
sharp as in the killed steel but it: appar- 
ently occurred at approximately 375 to 
385 amp. With the 5% argon-oxygen 
atmosphere, no merense in porosity Wis 
noted up to a current level of 395 amp 
Thus, if this behavior is generally charae- 
teristic of steels welded in an argon atmos- 
phere, the current should be restricted to 
a maximum of 360 amp with '/ie-in, diam 
electrodes 

The extensive porosity present in’ the 
welds made with «a high current density 
was located near the center of the weld 
in two rows parallel to the direction of 
welding. The pores, which were very 
small, were located on both sides of the 

finger’ which projected deep into the 
plate beeause of the high concentration 
of energy directly under the electrode 
The cross sections of the welds pictured in 
Fig. 4 show the deep “finger” type of 
weld contour These welds were made on 
1032 killed steel welded with 
diam killed electrode in an argon atmos- 
phere. As the amperage was increased 
the depth of the “finger” increased to a 
point where porosity was formed at the 
liquid-solid interface, possibly because of 
the fast cooling rate in this region. 

The cross sections presented in Fig. 5 
illustrate the influence of adding 5% 
oxygen to the argon atmosphere on the 
weld contour. In both the killed and the 
rimmed welds, the addition of oxygen to 
the atmosphere tends to shorten the depth 
of penetration of the “finger” and broaden 
it so that the time for the eseape of the 
gas bubbles is increased. The resulting 
lower cooling rate and the decreased dis- 
tance over which the gas bubbles must 
travel have raised or eliminated the eriti- 
eal current density barrier observed with 


argon. 


Effect of Electrode and Base Metal 


Composition 


The deoxidation practice used in the 
making of both the base plate and 
the electrode had a strong effeet upon the 
shape of the weld produced, the operating 
voltage and the weld porosity. Figure 6 
shows the cross sections of representative 
welds of various base plate-clectrode com- 
binations. When the killed eleetrode was 
used on either the killed or rimmed base 
plate, the contours of the welds were much 
alike. Both welds, made at 400 amp 
and 33 v, have a uniform flat reinforcement 
bead with a deep penetrating “‘finger.”’ 
The high current type of porosity near the 
bottom of the “finger” may be seen in both 
of the cross sections, 
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Fig. 4 Effect on weld contour of increasing current density: 


360 amp: Upper right—360-375 amp: Lower—385-400 amp 


Upper left—310- 


Fig. 5 
argon atmosphere: 
killed steel, 59 Ov and argon: 


Lower left—1014 rimmed steel, argon: 


right—1014 rimmed steel, 59% O. and argon 


Fig. 6 Change of weld contour: 


Cross sections of welds illustrating the effect of adding oxygen to the 


Upper left—1032 killed steel, argon; Upper right—1032 


Lower 


Upper left—killed plate, No. 32 killed wire; 


U pper right—killed plate, No. 43 rimmed wire; Lower left—rimmed plate, No. 32 
killed wire; Lower right—rimmed plate, No. 43 rimmed wire 


Porosity 
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A distinetly different weld Wis 
produced by a rimmed electrode on either Table 3—Amount of Porosity Resulting from the Addition of Deoxidizers 


the killed or rimmed steel (see Fig. 6) 1020 rimmed plate, 360-375 amp, duplhi ate 


tests 


A notable change occurred in the height ) 
/ orosily per inch 
and width of the reinforcement bead 


the killed plate had a relatively uniform lo 
but narrow bead while the rimmed plate Vddition {mosphere Electrode : 
had a very high, narrow, rounded type of None Argon $3 Herringbone (heavy) 
top bead. These welds were also made FeMn Argon 13 0 O08 10 
a Fesi Argon 13 0 
at 400 amp but the voltage with the killed \] Argon 13 0 02 1.2 
plate was 24 v and that with the rimmed None 10% Ne and A 13 Herringbone (very heavy 
plate was only 22 v. \l 10% Ne and A 13 Herringbone (light) 
Porosity Level The average levels of 1035 killed steel, 350 375 amp duplicate tests 
porosity resulting from welding rimmed None Argon 32 0 0 11 
and killed base plates with killed or KeMn Argon 32 0 0.4 0.7 
rimmed electrodes are noted below \l . Argon 32 0 0 0 S 
Fesi Argon $2 0 0 0.7 
1035 killed plate-killed electrode, hole, in None Argon 01 
0 | FeMn Argon 15 0 OS 
rimmed plate-killed electrode 2 Argon 133 0 06 
holes /in Argon 0.2 0.5 
1035 killed plate-rimmed electrode 5 None 10% Ov and A 2 0.5 | 17 
holes /in FeMn 10% © ind A 32 0 0.3 O05 
\l 10% Ov and A $2 0 0.2 O4 
1014 rimmed plate-rimmed — electrode 
herringbone. 
W ith the killed electrode the ty pe ot base 
from a very heavy “herringbone” type to 28 
plate used had little effect on the amount ss pas 
nt light herringbone type The bene 
ot porosity llowever when the rimmed 
bl ficial effect of the aluminum was more 
sleet WHS US apprectabie i- 
; striking from the weld surface appearances 24 


erease In porosity Was noted between the 
killed and the rimmed plate with the 


rimmed plate showing heavy herring 


und the radiograph than is evident in the 
porosity eount 
In Table the effect of ridding deoxl 


f 

dizers is also noted for killed plate welded 3 

i 


bone” porosity It appears that the por 


osity level is more sensitive to the deoxida- 


with either killed or rimmed. electrodes 2 
tion practice used in the making of the 6 
There was some tendency to reduce the = sy 
electrode than the practice used in making : « 
porosity level in these tests; but) / 
the base plate a 
the original porosity level was low, the 12 
I:xperiments were conducted to estab 
effect is not as marked as with the rimmed 9 J 
lish the effect of carbon level in the base 
stee] Severnl welds were made to deter 4 
plate on the final porosity. Willed base 
mine if the addition of 10% oxvgen to the 6 } ! t t | 
plates varying in carbon level from 0.20 | 
irgon atmosphere would eancel the 
to O.SO% carbon were welded with a ‘ 
ord deoxidizing power ol the added elements 
killed electrode The increase in ecarbor 
Despite the additional oxvgen furnished 
content apparently had little effeet upon 
es by the atmosphere, the deoxidizing el 
the porosity in the weld Phe most not 
ments reduced the porosity effectively 
able effect of the higher carbon content 
From these ‘periments, it is apparent 4 5 20 
was to increase the erac king SETISITIVITN OXYGEN ADDITION 


that additions of small quantities of deoxi 
hig. 7 Plot of porosity versus oxygen 


Effect ot De oxidize 1dditions To 
addition to the argon atmosphere for 


d ments to the we tal t 
determin wdding izing ele nen » the eld mety ied ij) 


‘cata t niet enough of the oxygen to retard the carbon welds made in 1032 killed steel using 
© the base plate, ferromanganese, ferro 
pam: I et sate oxvgen reaction and thus reduce the poros No. 32 killed electrode 
silicon and aluminum were added to the 
ity 
surfaces of in. thick 1020 rimmed and 
-in. thick 1035 killed) base plates mounts increased the porosity until at 
Additions to the surface were iccomplished idditions to the itmosphere 15% Oe the urface of the weld became 
by pu king shallow drilled holes with roughened by emitted gas bubbles 
on It has been shown* that additions of 
powdered deoxidizer Phe additions were Oxygen 1 veneficial to the operation 
' oxygen, nitrogen or hydrogen to the weld tr pl 
roughiv equivalent to the lollowing pet e are it e pure argon attnosphere 
centages upon analyses of the weld metal produces an erratic are fluctuating between . 
porosity to form in the weld metal It 1 or 
0.6% Mn, 0.3% Si and 0.02% Al droplet) and spra transfer, Over 1% 
was suspected that a threshold of gas pray 
w effect of the deonrizer on oxygen st trie ine \ i spr 
t rht exist above which the gas : 
rimmed base plate welded with rimmed ews transfer characteristy In Fig. the 
eauses porosity, and further that the effect 
electrode is given in Table 3 With a pure , erratic weld with O.5% oxygen ts shown 
é of the gases might be cumulative lests \ 
argon atmosphere, the deoxidizers — re in the upper photograph the smooth 
vere conducted to establish these thresh ‘ 
duced the amount of porosity to the level ld veld in the middle photograph is typical 
of that normally obtained with killed of the 5% oxygen atmosphere At 18.5% 
| lded killed T Oxryqen The variation of porosity in in 
welder with electrods oxygen ul ee is erupted, as 
killed pate welded with a killed electrode 
determine whether nitrogen in the welding lower photograph As was shown undet 
is the oxygen Is inere ised in the atmos P ( 
atmosphere could be tied up as aluminum current densi 5% oxygen apparently 
phere is shown in Fig ‘ p to 
nitride sluminum was added to the sur permits higher currents without the ex 
oxvgen coused no change but larger 
face of a rimmed plate welded with a cessive porosity obtained with an argon 
rimmed electrode in a 90% argon — 10% itmosphere 
nitrogen atmosphere. The aluminum ad Warren, and R Poro Hiudrogen. To stud the effeet of 
\ Stee W let He Pil our 
dition decreased the amount of porosits wan. 31 (9), 406 120 2 hydrogen on porosity, welds were made on 
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hig. & Effect of increased oxygen additions on the appearance of the surfaces of 


the welds: Upper—0.5% oxygen; Center—5% oxygen; Lower—18.5% oxygen 


90 
2 

16 + + 
a 
/ 
P/ 
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| 

1?) a 8 12 16 20 24 28 32 
HYDROGEN ADDITION 

Fig. 9 Plot of porosity versus hydrogen addition to the argon atmosphere for 


welds made in 1032 killed steel using No. 32 killed electrode 


Table +—Effect of Various Additions to Argon on Porosity 
(1032 killed steel, No. 32 killed wire, 10 ipm, duplicate tests 


Porosity per inch 


to 
% Addition Amp V 1/39 
2.5 Og + 4.6Nz, 340-360 31-33 Uneountable 
5.0 O. + 4.6N, 340-360 31-33 Unecountable 
3.5 + 2.8 Ne 340-375 $2-34 Unecountable 
45 O. + 1.0N, 37h 31 ‘ Uneountable 
4.750% + 0.5 N, 375 30 0.1 0 2 2.1 
2.5 Oy. + 5.0 320-340 $2-54 0 0 
5.0 + 5.0 1H, 310-330 33-345 0 0.1 1.0 
15 O. +10 H;, 320 340 31-33 0 0.1 1.0 
4.250. +15 315-330 33-35 0 01 1.2 
40 +20 H, 310-320 34-35 Herringbone 
(medium ) 
5.0 Hy +4.6N;, 320-340 32-34 0 0 11 
10 Ny, 340-360 31-33 0 o4 2.1 
10 H, + 5 N; 340-360 31°33 0 0.5 3.1 
10 H, + 7 Ny 330-350 32-34 0 1.6 17 
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NITROGEN ADDITION 

Fig. 10 Plot of porosity versus nitro- 

gen addition to the argon atmosphere 

for welds made in 1032 killed steel 

using No. 32 killed electrode 


1032 killed steel with increasing hydrogen 
contents in the atmosphere. Figure 9 
indicates that as much as 20% hydrogen 
was tolerated in the atmosphere without 
Beyond this 


percentage, uncountable porosity of the 


an increase in porosity. 


“herringbone” type was obtained. 
An unstable are with droplet-type of 
metal transfer was obtained with all the 


additions. The spatter ac- 


hydrogen 
companying the erratic are congested the 


gas cup and scattered drops of metal ad- 
jacent to the weld. With a constant 
setting on the rectifier throughout the 
experiment, an increase in hydrogen ad- 
dition caused an increase in are voltage 
and a corresponding drop in the amperage. 

Additional welds were made on other 
killed steels of different carbon contents 
using a killed electrode in a 10% hydrogen- 
In all these steels, no 


argon atmosphere. 
increase in porosity was noted over that 


obtained in a pure argon atmosphere. 
Ilowever, when a rimmed electrode was 
used on any of the killed steels in a 10% 
hydrogen-argon “herring- 
bone”’ porosity always resulted. It should 
be noted that all of the welds with the 
exception of those giving “herringbone” 
porosity cracked full length at all levels 


atmosphere, 


of hydrogen content. 
A series of welds in are 
nitrogen 


Nitrogen. 


atmospheres with increasing 
contents were deposited on 1032. killed 
steel with No, 32 killed electrode. The 
According 


results are shown in Fig. 10. 
to Fig. 10, as much as 6% nitrogen may 
be added without an appreciable increase 
in porosity. However, with larger ad- 
ditions, a sharp increase in porosity of the 
countable — type Additional 
welds made on other steels showed gross 
porosity in an atmosphere of either 
9.2 or 20% nitrogen-argon. An unstable 
are giving a droplet-type of metal transfer 
was obtained in all of the atmospheres 
containing nitrogen. 

Cumulative Effect of Nitrogen, Hydrogen 
and Oxygen. The possibility was investi- 
gated that the gases in the welding at- 
mosphere might be cumulative in their 


occurred. 
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effect 


oxygen, much less nitrogen or hvdrogen 


For example in the presence ot 


might be re quired to produce eXCeSSlVe 


porosity 

Tal le fis a compil ition of the porosity 
levels resulting from simultaneous ad 
ditions to argon of nitrogen and oxvgen 
nitrogen and hvdrogen ind) hvdrogen 
and oxygen 

Oxygen and N ifrogen The combina 
tion of oxygen and nitrogen produced 
uncountable porosit, 


for nitrogen additions limited to 0.5‘ 


In every case except 


These results indicate the necessitv of 
taking precautions against air leaks when 
the commercially available 5% oxygen 
argon gas mixture is used. In contrast 
with nitrogen alone, an addition of at least 
9.2% is required before the range of un 
countable porosity 18 encountered The 
are was erratic for all nitrogen contents 
above 1% 

Oxygen and Hydrogen With some 4 
or 5% oxygen present, no appreciable 
porosity was obtained until the hydrogen 
reached 20% This level is only slightly 
lower than the percentage of hydrogen 
required alone (see Fig. 9), where 25% 
was necessary to produce gross porosit) 
An unstable are was obtained throug! out 
the range tested. 


H jdroge n With the 
hydrogen constant at 10%, 


Vitrogen and 
the porosity 
increased only slightly as nitrogen was 
raised from 3 to 7% These results agree 
closely with those in Fig. 10 where nitrogen 
was added independently An unstable 
are giving the drople t-type ol met il trans- 
fer was obtained with the nitrogen 
hydrogen-argon atmosphere 

Of the simultaneous additions made to 
the argon atmosphere, the nitrogen 
oxvgen-argon combination appears to be 
the only one that has a strong cumulative 
effect 

Carbon Dioxide A large number of 
welds, tabulated in Table 5, were made on 
various plain carbon steels using either a 
earbon dioxide or a carbon dioxide-argon 
atmosphere. Of the 40 welds made on 


killed steels of varying carbon content 


Fig. 11 
steel: 


= 


Effect of carbon dioxide additions on the contour of welds made in killed 
Upper left—0% carbon dioxide, 380 amp; 


Upper right—10% carbon 


dioxide, 380 amp; Lower—100Q% carbon dioxide, 380 amp 


welded with a killed « lectrode, none of the 
velds contained porosity with earbon 
dioxide added to the atmosphere 

When 100% 


Wiis used tor the 


irbon dioxide it mosphere 
welding of semikailled 
steel, an increase mn porosity re sulted 
llowever, when the ¢ irbon dioxi le con 
tent was restricted to 10 to 50%, porosity 
was Again completely eliminated The 
influence of carbon dioxide on the contour 
shown in Fig. 11 The 


welds from which these cross sections were 


of the weld i 


taken were made in killed steel at 380 
imp. The weld made in the pure argon 
itmosphere showed the deep penetrating 
finger” containing porosity at the fusion 
line The welds made with 10 to 100% 
carbon dioxide show the same broadening 
effect produced by the addition of oxygen 


to argon at 


eurrent levels 


In a similar series of additions of carbon 
dioxide to the atmosphere in the welding 
of rimmed steel, additions from 20° to 
100°, caused the formation of gross 


porosity But with carbon dioxide 
lowered to 5°, the porosity was virtually 


eliminated 


Table 5—Effect of Carbon Dioxide Additions to Argon on Porosity 


No. 32 killed wire 


aft 

welds Sleel {ddition 
1035-K 10 100 
10. 100 
1032-hK 5 50 
1021-h 10 50 
BC-Senu 100 
2 BC-Semi 50 
6 BC-Semi 10 
H-Rim 109 
2 1014-Kh 50 
2 1O14-k 20 
10 
6 1O14-R 5 


10 ipm 
Porosity per inch 
0 0) 
0 0 
0 0 0 
0 () 
> 0 
0 0 
0 0 
| neountable 
| neountable 
12 0) 12.1 
0.2 16 
0 0 0 2 
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To test further the effectiveness of the 
earbon dioxide additions to argon, several 
we lds were made on } illed, semikilled and 
rimmed pl ites witl sealed and rusted 
es Porosity was no higher than on 
the ground surfaces of these plates The 
mechanism of the carbon dioxide addition 
in reducing porosity is not clear It muy 
be that the presence ol carbon dioxide in 
the atmosphere tends to force the carbon 
oxvgen reaction in the reverse direction 
thereby preventing the formation of ear 
bon mononide he carbon monoxide 
reaction appent to be the primary one 
eausing pore formation in carbon steel 

Since earbon dioxide at lenst partially 


decomposes under the influence of the 


are to carbon monoxide and oxygen, the 
ire is stabilized up to and including an 
Above 


this percentage the are becomes unstable 


rddition of 20°, carbon dioxide 


The table ar ives eligible amount 


of spatter which does not in any way inter 


fere with the velding Operation The 
unstable arc, however, is ace ompanted bya 
irge amount ol patter vhich CHUSCS COT 


gestion of the gas cup and consequently 
Analyses of the 


velds indiented that the earbon dioxide 


poor welding operation 


ippreciabl reduced the manganese and 


Carbon Monoa \ series of welds was 
made on killed emikilled and rimmed 
teels using carbon monoxide as the addi 
tive to the argon atmo phere The per 


vere limited to 


eentige of the 
the imounts found favorable in the eur 
bon dioxide-argor Again it wae 
nined that as much as 100% earbon 
monoxide could be tolerated with killed 


10° carbon monox 


ide was added to the atmosphere for those 
veld ll emikilled ind) rimmed 
ter es investigated, no poros 


ity or only a ver “mall amount was ob 
tained when irbon monoxide was added 
to the argon 

kiven though the iddition ot carbon, 


monoxide essentially eliminated porosity 


159-s 


it lacks some important advantages of 
carbon dioxide, Besides its dangerous 
toxicity, carbon monoxide produces an 
unstable arc, resulting in a large amount of 
spatter which hinders the welding opera- 
tion 

Other Additions A few 


made using other combinations of gases 


welds were 
for the welding atmosphere. Following 
the favorable results with carbon monoxide 
or carbon dioxide additions to argon, a 
complete series of carbon dioxide-carbon 
monoxide mixtures was investigated. 
These mixtures were used for 1032 killed 
plate welded with a No. 32 killed elee- 
trode at 375 amp. Zero porosity was 
obtained at all proportions of the two 

Since carbon dioxide decomposes in the 
are to carbon monoxide and oxvgen, it 
was logical to add these two gases in com- 
bination with argon to determine if a 
duplicate effeet resulted. These results 
indicated that the porosity present, in 
all type of steel welded, closely duplicated 
the results obtained with both the carbon 
dioxide argon of the carbon monoxide- 
argon mixtures 

Up to this point of the investigation, 
the base inert gas was argon. Since 
helium is likewise commercially available, 
a series of welds was made using helium 
and carbon dioxide mixtures on killed, 
semikilled and rimmed steels. The poros- 
ity obtained in the carbon dioxide-argon 
atmosphere wie closely reproduced by the 
mixtures. The 


carbon dioxide-helium 


welding characteristics of helium were 
somewhat different from argon in that an 
unstable arc with accompanying spatter 
was obtained A much higher voltage 
(7 v higher) was recorded when helium was 
used as the base atmosphere 

From this investigation of atmosphere 
additions, it is evident that all degrees 
ol porosity trom zero to gross porosity 
may be obtained in steel welds regardless 
of the deoxidation practice of the plate 
by changing the constituent gases present 
in the shielding atmosphere 


SUMMARY AND CONCLUSIONS 


The susceptibility of carbon steels to 
porosity has been re-emphasized by the 
difficulties encountered in welding these 
steels by the inert-gas-shielded process 
Hydrogen, nitrogen and oxygen have all 
been shown to be capable of causing poros- 
ity in the weld metal. Of these elements, 
however, oxygen appears to be the most 
frequent offender, not direetly, but 
through its tendency to react with the 
carbon during solidification to form carbon 
monoxide gas. Thus, an increasing sus- 
ceptibility to porosity is observed as the 
electrode or base metal is selected from 
less fully deoxidized steel. A correspond- 
ing improvement is noted as deoxidizers 
are added to the weld metal. In eases 
where porosity is extensive, it is fairly 
certain that the carbon-oxvgen reaction 
is responsible The moderate porosity 
produced in killed steel, however, is not 
firmly established as a product of the same 
renetion The only slim Support tor sug- 
gesting that it may originate from the 
sume source is the favorable effect of small 
earbon dioxide additions. 

The possibility that nitrogen and oxygen 
may act in concert to cause extensive 


With 


15% oxygen in the welding gas, only 1% 


porosity must not be overlooked 


nitrogen Was needed to form uncountable 

With nitrogen in the atmos- 
killed 
greater porosity on killed plate than it 


porosity 


phere, electrode — formed much 
did in pure argon. On this basis, the 
intrusion of air into the welding atmos- 
phere is particularly serious as a source of 
porosity 

The conelusions provided by this in- 
vestigation are listed below: 

1. Porosity was noticeably affected by 
the current density used for welding. 
In an argon atmosphere, currents above 
375 amp caused a sharp increase in poros- 
ity on a killed and a rimmed base plate 
welded with '/i-in. killed eleetrode. In 
or 


an atmosphere of 5% oxygen in argon, no 


change porosity was noted up to 


100 amp, the maximum level tested 
2. The 


base plate and electrode were critical to 


deoxidation practice of the 
the porosity level. Minimum porosity 
occurred in killed steel 
killed electrode. With rimmed electrode 


or buse plate porosity increased markedly 


welded with 


and with both rimmed, porosity was gross 
of the “herringbone” type. The electrode 
deoxidation appeared to be more i 
fluential than that of the base plate 

3. The addition of deoxidizers, such as 
ferromanganese, ferrosilicon and alum- 
inum, was effective in reducing the poros- 
ity ornginating from constituents from the 
electrode, base plate or welding atmos- 
phere 

Threshold levels for eausing poros- 
itv were observed for oxygen, nitrogen 
and hydrogen additions to the welding 
atmosphere. Additions of over 5% 
oxygen, over 6% nitrogen or over 20% 
hydrogen increased the porosity notice- 
ably. Simultaneous additions of oxygen 
and nitrogen were especially potent in 
producing porosity 

5. Carbon dioxide was found to exert a 
beneficial influence on the porosity level 
Porosity was completely eliminated in 
killed steel by using 5-100% earbon diox- 


ide, in semikilled with 5 50% carbon 


dioxide and in rimmed steel with 5% 
earbon dioxide. At the lower contents of 
carbon dioxide, the welding conditions 
were satisfactory from the viewpoint of 
are stability, spatter and weld appearance 

6. Carbon monoxide also eliminated 
when used in about the same 


The weld- 


ing characteristics were less satisfactory, 


porosity 
proportions as carbon dioxide 


however, with an erratie are and excessive 


spatter, 
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The authors have called attention to errors found in 
the article “Statistical Analysis of 
found on pages 325-s 


Transition Temperature Zone,” 


to 332-8 of the July 1953 issue of Tur Jour- 


NAL in the Research Supplement : 


Page 328-s, Col. 2, line 2: 


deviation of the population should be indicated by the 


svimbol @. 
Page 320-s, second footnote: 


tence should read 


The estimated standard 


Last part of last sen- 
.by using a value with the num- 


Oyler, Stout 


ber of degrees of freedom in x?.* 
Page 330-s, Col. 1, line 1: 


Behavior in the 


for each line. 
Page 330-s, 
NSo- 


Porosity 


Col. 2. 


Page 331-s, Col. 1, line 2, formula: 
formula should read: 


4 
The reciprocal variance 


The text should therefore read 


-A, equals the reciprocal variance of #5). or 


Jine 6: Formula should read 


First quantity in 
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Thermal Cycles in the Are Welding of ¥/2-In. 


Titanium Plate 


» Effect of cooling rate on the lowering of the transformation range for 
commercially pure titanium and a chromium-iron-oxygen titanium alloy 


by E. F. Nippes. J. M. Gerken, 
B. W. Schaaf and E. C. Nelson 


Abstract 


The selection of optimum welding conditions for titanium and 
its allovs is facilitated by a knowledge of the microstructures and 


mechanical properties associated with various thermal eveles 


adjacent to the weld In other words, the thermal eycles of 


actual welds may be adjusted to eliminate or minimize the ut 


desirable microstructures which are associated with poor me 


chanical properties 


Thermal evcles were determined for points adjacent to are 


welds in -in. titanium plate at energy inputs of 20 to 50 


kilojoules per inch. It is planned, in future work on titanium 


illoyvs, to itfemprt the correlation of hardnesses and micro 


structures adjacent to are welds with those at points of equa 


cooling rates along Jominy bars. For this reason, cooling curves 
were derived for points along Jominy 


1500 and 1600° | 


bars end quene hed from 


The effect of cooling rate on the lowering of the transformation 


commercially 


range was investigated for pure titanium and 
chromium-iron-oxygen titanium alloy This study indicated 
that for cooling rates of the m whitude usuall found adjacent 


to welds. the materially lowered 


transtormation range was not 


or commercially was lower approximate! 


Im nuct tests were made on Charpy specimens eut trom a tutt 


pure titanium, but 


for the chromium-iron-oxvgen titanium alloy 


weld in commercially pure titanium. The impact values for the 
heat-affected 


| 


weld 


veld metal were much lower than those for the 


zone or base plate However, a heat treatment at 
24 hr greatly improved the impact strength of the 


indi moderately improved that of the heat-affeeted zone 


INTRODUCTION 


Hk ultimate goal of this research the 
determination of the effects of the prime ipal welding 


the 


program 1s 


variables on microstructures and mechanteal 


properties of the heat-atfected zone and deposited 
titanium alloy 


weld mete! of are welds made in -1N) 


plates. This paper presents the first phase of the work ; 
that is, the determination of thermal cycles acd jane ent to 


“ 


E. F. Nippes, J. M. Gerken, B. W. Schaaf a E. C. Nelson 
th the Rensselaer Polytee! Institute, 1 
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are welds in | 9-in, titanium plate and the tabulation of 
temperature and cooling rate data for various times and 
distances from the weld centerline 

The thermal eveles will be used im the second phase 
ol the 


svnthetically 


Investigation as a basis for the production ol 


heat-treated impact) specimens.’ The 
tested zone of these specimens will experience exactly 
the same thermal eveles as any designated pomt in the 
heat-affected zone of the weld. By this method, the 
Impact properties of the metal at various distances from 
the weld centerline may be determined for different. ti- 
tanium allovs welded with various energy inputs and 
with different preheat temperatures 

In addition, cooling curves were determined at var- 
ious distances from the quenched end of a commerically 
pure and an alloy titanium Jominy bat 


that 


It is expected 
the microstructure and therefore the mechanical 
properties ol the metal adjacent to are welds in tita- 
nim plate can be pred ted for various welding condi- 
tions by matching the pred ted cooling curves of the 
weld 


Jominy bar, provided that the betanizing temperatures 


with a similarly shaped cooling curve for the 
are nearly the same for the Jominy bar and weld heat- 
affected zone 

The continuous cooling tral formational behavior ol 


alloy ha 


developed at thi 


estigated using 
Although 
the results of this work were not directly applicable to 
the 


matter ot 


a titanium been further 


equipment laboratory 


this phase of the inve tivation, a deseription 


equipment and method are presented as a 


iterest This technique vill be em jloved subse- 


quent work on titannum allovs to aid im establishing 


the cooling rate which would be of the yrentest Inhpoar 


tance in the svnthetie veld specimen mvestigation 


VATERIALS 


vere used in this 
Phe 
Pi-75A heats on 


the low side of the 


T1-75A plates, 4x 1S x in. thick, 


mvestigation tor all velding lest two 


used for this plate were selected trom 


a basis of having tensile strengths on 


Welding Titanium 


75,000 to 100,000 psi range for this alloy. The hot- 
rolled plates were given a mill anneal, 1200° F for 24 
hr, by the producer to reduce any segregation present. 
The results of mechanical tests and partial analyses, 
performed by the supplier, are presented below. 


Mechanical Properties 


Yield Tensile Elongation Reduction 
Ingot strength, strength, in I in., of area, 
No pat pst 
769 56, 200 67,300 26.0 47 7 
769 56, 000 68,500 $2.0 59.1 
771 64,200 71,400 35.0 1.3 
771 60,000 69,800 1s 0* 
Partial Analysis 
760 0 030 0 044 
769 0 O31 0.031 
771 0 025 0 O37 


* Broke outside of gage mark. The hardness of this material 
was approximately ISO VPN 


The electrode wire, supplied '/y- and */¢q-in 
diam, was not drawn from special low-hardness ma- 
terial, but from a standard Ti-75A heat. The hard- 
ness of the wire, as heat treated for 24 hr at 1200° F, 
was 230 VPN 

Welding grade argon and grade XX helium were used 
as the inert-gas shields in all welding operations. 


EQUIPMENT 


Since titanium is extremely sensitive to atmospheric 
contamination at elevated temperatures, successful 
are-welding processes are limited to those employing 
an inert-gas shield. Both the inert-gas-shielded tung- 
sten are and the inert-gas-shielded consumable elec- 
trode welding processes are satisfactory; however, 
the latter, by virtue of its high current density and 
greater deposition rate, is better adapted to welding 
thick plate on a production basis, 

For this reason the inert-gas-shielded consumable 
electrode process was employed in this investigation 
using an Aircomatic Machine, Model 1, mounted on a 
travel carriage, as will be discussed later im connection 
with Fig. 11 

Temperatures adjacent to welds and in Jominy bars 
were recorded at first on a Westinghouse, Type PA, 
oscillograph using self-balancing photopotentiometers 
to amplify the signals from the thermocouples. — Later, 
a Consolidated, Model 5-101LA, oscillograph Was ull- 
lized for recording temperatures. The high current 
sensitivity of the galvanometers in this instrument elimi- 
nated the need for using any amplifying device in con- 
junction with them. 

Are voltage, amperage and wattage were recorded on 
strip chart type meters 

A more detailed description of the equipment. is 


given in the appendix. 


COOLING RATES EN TITANIUM JOMINY BARS 


The temperatures at various locations along a Ti- 
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75A Jominy bar were measured with thermoco iples per- 
cussive welded into holes in the bar, and recorded on an 
oscillograph. By providing timing marks on the ree- 
ord, the temperature traces could be readily correla- 
ted with time, thus providing time-temperature curves 
on the oscillograph record. 

At first, the hot junctions of the thermocouples were 
located 0.05 in. below the surface of the Jominy bar: 
however, considerable difficulty was encountered in 
meeting the desired quenching temperature. Al- 
though the Jominy bars were transferred from the 
furnace to the quenching fixture in less than 3 sec, tem- 
perature drops of almost 100° F took place in this short 
time interval, thus indicating that cooling by radiation 
was rapid this close to the surface of the bar. 

Iexperiments were conducted to determine the depth 
of thermocouple placement necessary to minimize this 
radiation-cooling effect on the recorded temperature 
Temperature survey runs were made at a distance 
of '/, in. from the water-quenched end of the Jominy 
bar with thermocouples placed at depths of 0.05, 
0.10 and 0.20 in. from the surface. Figure | shows 
time-temperature curves obtained by quenching a 
Jominy bar from 1550° F in the usual manner. In 
spite of a time elapse of 2.8 sec between the removal ot 
the bar from the furnace and the start of the quench, 
the thermocouple at the 0.05-in. depth indicated that 
the quench started at 1490° F, a temperature drop ot 
60° FF. At the 0.10-in. depth, the temperature drop 
in this same 2.8 see was 35° F, and at the 0.20-in 
depth it was only 10° F. Again referring to Fig. 1, it 
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Fig. 1 Cooling curves for various distances from the 
surface of a Jominy bar 
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May be noted that the temperature ol the bar at a de nth 
of 0.20 in. remamed consistently higher throughout 
the quench than the temperature at the other two loca 
tions nearer the surface The rapidity with which 

bar air cooled im the jig indicated that the radiation 
losses were enhanced by the hear v oxide seale whi hy 


formed after heating in the furnace To standardize 
surface radiation losses, each Jominy bar was heated in 
the furnace for 30 min at the selected elevated tempera 
ture before quenching and was thoroughly wire brushed 
to remove the oxide scale before be Ing used agaim 

A thermocouple depth of 0.20 in. from the surface was 
selected as standard for the temperature measurements 
consequently, it is recommended that hardness meas 
urements be made at this depth When the furnace 
temperature in a Jominy test is selected 75 to 100° | 
above the transformation temperature of the titanium 
alloy, it 1s quite possible that the regions neal the Sul 
face of the Jominy bar may air cool below the tran 
formation temperature before the quench is begun 

A complete survey ol cooling rates, at Various pos 
tions from the quenched end, was compiled for a Ti-75A 
Jominy bar using 1500 and 1600° F as the quenching 
temperatures Since both of these quenching tempera 
tures were chosen below the betanizing temperature of 
commercially pure titanrum, the cooling rate data are 
for the alpha phase 

Since the most important portion of a cooling curve is 
that preceding transformation, if Was necessary to 
check the cooling rates for beta phase titanium against 
those obtained for alpha phase. To procure titanium 


in the beta phase over the temperature range of in 


terest, it Was necessary to nalloved miaterial This 
introduced a second variable, namely, the effects of 


tlloving additions on the thermal properties of tita- 


nium \ sample of an experimental alloy was procured 


vhich contained) sufficient chromium (approximately 
to stabilize it large proportion ol the beta phase 
down to room temperature \ Jominy bar of this ma- 
terial with thermocouples located at distances of 0.25, 
0.50, 0.75 and 1.00 in. from the quenched end was 
quenched from 1500° F and from 1600° F 


temperature curves for this high-chromium alloy were 


The time- 


then ( ompared with the « urves al corresponding Jominy 
distances for the Ti-75A 


for temperatures down to approximately one-half the 


\ good check was obtained 


quenching temperature ; however, below this pomt 
the high-chromiim alloy required progressively longer 
times to reach a given temperature level This dis- 
erepaney is believed to have been caused by partial 
transformation of the high-chromium alloy which re- 
tarded the cooling curves by thermal evolution. The 
cooling curves for this alloy show some minor deviations 
from a smooth curve which could be interpreted as 
evidences of transformation 

Phe two simultaneous variables of phrase and com- 
position preclude a rigid interpretation of the close 
correspondence of the thermal behaviors of the Ti-75A 
alloy and the high-chromium alloy. In other words, 
this close correspondence does not necessarily signify 
that the thermal properties of titantum are not ma- 
terially affeeted by either phase change or alloying 
additions. It is entirely possible that these two varia- 


bles counteract each other in this case llowever, this 


Table 1—Time to Cool to Proportional Temper 


1600° F values at top of 


Jominy distance 


in 


ature Levels for Titanium Jominy Bars 


rr 1500° F at bottom 
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Time in seconds to cool to proport onal ten perature leve ls at the Jomir distance ndicated ; 
Proportional temperature leve 
0 20 0 30 0 50 G70 10 Qh 7 12 2 
23 0 45 0 70 OS 1 9 5 11.4 
0 50 0 40 1 30 2 30 2 i 
449 Os] | 2S 2? (2 1O 
1 1 05 2.5 | 17 6 
15 28 50 6.5 10 6 3 66.0 
55 SS 13.6 21 0 (2. 430 5 
4 3.5 20 8 32.9 
60 10 2 15 5 22 5 50.2 84 5 
‘ 12.5 20.4 20.8 12.0 av. 2 124 
y 5 16.5 25.5 OS 92.5 120 
18.5 29.8 596 82 | 114.0 165 
16.0 28.4 12.0 595 0 5 170 
l 28 iS 0 69.5 MoS 120.0 173 
24.0 15.8 69.0 07 0 120 5 
2 33.0 59 0 87 110 
28 6 114 154 
3 20.0 93 2040 
27.5 54 0 133.0 180. 0 
17 5 715 116.5 170 
16.5 10 6 72 6 114.5 
Air cooled 
2 31 64.5 105 156 227 320 
35 71.5 115.5 160 242 


uncertainty is not believed to be important in view of 
the use to which these data will be put. The system of 
using comparative cooling conditions in welds and in 
Jominy bars is to a considerable extent self-compen- 
sating in so far as minor variations in thermal proper- 
ties are concerned. 

The Jominy thermal data are reported in terms of 
times to cool to proportional temperature levels in 
Table | and Fig. 2. This is a general way of reporting 
such data, since the funetion 

T — T. 


where: 
T, = proportional temperature. 
T instantaneous temperature of bar. 
T, initial temperature of bar. 
T,, = temperature of medium. 


is independent of the actual temperatures involved. 
The data from Fig. 2 and Table | may be used to derive 
cooling curves from titantum Jominy bars under any 
quenching conditions. This is desirable in the present 
stage of development of titanium alloys because a large 
number of quenching conditions are being used, 

The data presented include the effects of air cooling, 
the extent of which may be expected to be dependent 
on the surface condition of the bar. Titanium is oxi- 
dized with progressively greater rapidity as the tem- 
perature is raised above 16007 F, and the resulting oxide 
laver ean be expected to change the air cooling factor 
to some extent 

The data presented in this section do not include the 
effect of the heat of transformation on the Jominy bar 
cooling curves. OF course, in the Jominy bar and in the 
heat-affected zone adjacent to actual welds there will be 
a heat of transformation. However, fora given cooling 
rate na given alloy, the effect of the heat of transforma- 
tion on the cooling rate data will be similar for the Jom- 
inv bar and the heat-affeeted zone, assuming equiva- 
lent betanizing ¢ nditions. Furthermore, the cooling 
rate preceding transformation is of greatest importance 
in determining the microstructure which will result 
from trans;ormeation 

The available data on the thermal properties of 
titanium indicated that the cooling rates encountered 
would be lower than those for steel under comparable 
conditions. Nevertheless, the cooling rates measured 
in titanium Jominy bars somewhat exceed those for 
steel Jominy bars. Cheek runs of steel Jominy bars 
were made to check the apparatus and technique; 
however, in all cases the various eriteria of comparison 
checked with the literature on the subject 


THERMAL CYCLES ADJACENT TO ARC 
WELDS IN TEPANTUM PLATE 


This phase of the work was concerned primarily with 
the determination of thermal eveles for points adjacent 
to are welds in .-in. titanium plate. These thermal 
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eveles were determined at several energy input values 


PROPORTIONAL TEMPERATURE LEVELS 


20 so 40 so ro vo 100 
TIME IN SECONDS 


Fig. 2 Proportional temperature levels for titanium 
Jominy bars 


between 20 and 50 kilojoules per inch in commercially 
pure titanium, Ti-75A, made from a specially picked 
low-hardness ingot. In this work, the last pass of a 
butt weld was s mulated by depositing a weld bead in a 
machined groove, as was done in previous investiga- 
tions." Before undertaking the actual measurement 
of cooling rates in the titanium plate, it was necessary 
to determine the proper welding conditions for depos- 
iting straight, uniform and sound weld metal on a 
grooved plate. As illustrated in Fig. 11, this work was 
performed using an inert-gas-shielded metal-are-welding 
process with the consumable electrode wire as a source 
of filler metal. A more detailed description of the re- 
search on the determination of optimum welding con- 
ditions is given in the Appendix. An investigation of 
argon to helium ratios from 1:0 to 1:1 indicated that 
a welding gas mixture of 75°) argon and 25°, helium 
produced the most stable are and the best shaped de- 
posit. The addition of helium improved the wetting 
action of the are so that a flatter bead with better edge 
fusion was obtained. It has since been reported from 
several sources that a ratio of 1 part argon to 3 parts 
helium produced the same are characteristics at LOOC, 
argon but with greater penetration. 

Throughout this work a gas trailing shield was used 
to provide an inert atmosphere over the weld bead as it 
cooled. Beeause of the greater density of argon, rela- 
tive to air, it produced a satisiactory blanket over the 
weld; whereas helium, a much lighter gas, tended to 
rise. Therefore, substantially greater flows of helium 
were required to produce the same protection as argon 

Some of the welding conditions which were used in 


the cooling rate determinations are given below : 


Total gas flow 


Ware 745% A, 25% Travel 
mn diam | olts Amp He, th pet 

32 340 SO 1305 

30 280 70 19 0 

3 200 60 13.0 


Runs were made for thermal analysis at energy in- 
puts of approximately 20.8, 27.5, 39, 43.5 and 49.3 
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® EXPERIMENTAL VALUES AT 2 SEC 
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VALUES OF F/S.0) 
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OISTANCE FROM THE WELO CENTERLINE IN 


Fig. 34 


INCHES 


kilojoules per inch using the ! j-in. diam Ti-75A wire 
Temperatures were measured with thermocouples at 
distances of 0.20 to 1.20 im. from the weld centerline 
and recorded on oscillograph traces. A more detailed 
discussion of the instrumentation for temperature meas- 
urement is given in the Appendix 

The temperature data obtained from each run were 
converted to F(s, d) values in the equation: 


joules/in 


T — F(s,d 
L000 
where: 

T instantaneous temperature, in deg F, at 
a point of distance, d, in inches from 
the weld centerline and at a time, s, 
in seconds after the are passed 

T = initial plate temperature in deg F, 

P.F preheat factor, see Table 4 

F(s, d) a function proportional to T — Ty but 


independent of energy input This 

function Is dependent upon the dis- 

tance, d, from the weld centerline and 

the time, s, after the are has passed 
are amp X are volts 
Joules /in 

are travel speed 

This is a general way of presenting the data since it 
applies to all energy inputs. That is, for a given 
F(s, d) value the instantaneous temperature, 7, can 
be calculated for any energy input and initial plate 
temperature 

The data from the five runs were plotted as F(s, d 
versus time for each of the thermocouple locations 
All F(s, d) versus time curves for points the same dis- 
tance trom the weld centerline should coincide regard- 
less of energy input, provided that certain limits of 
This was found to be 
true as is shown in Figs. 3A and 3B 


travel speed are not exceeded 


A weld run was made at an energy input of 27.5 
kilojoules per inch using */¢-in.-<diam wire to deter- 
mine whether wire size had any effect on cooling rates 
These data were analyzed, converted to f(s, d) values, 
and plotted versus time. These values were found to 


fall in line with the group of data from the previous 
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Fig. 3B 


runs made with the ! ,-in.-diam wire, indicating that 
this change in wire size did not cause a noticeable differ 
ence in the cooling rates 

The data from all the weld runs were averaged by a 
normalizing process which consisted of first replotting 
the data from all the individual F(s, d) versus time 
curves as f(s, 7) versus distance from the weld center- 
line as shown in Figs. 3A and 3B; other plots were 
made at times from 0 to 180 see after the are passed 
the thermocouple position, For each of the plots ob- 
tained at the selected times, a smooth curve was drawn 
representing data from all thermal runs. From each of 
these curves, preliminary /'(s,/) values were read and 
tabulated for distances from 0.20 to 1.20 in. from the 
weld centerline. By repeating this procedure of plot- 
ting F(s, d) versus time for various distances, and of 
plotting F(s, d) versus distance for various times, slight 
corrections were made to the preliminary F’(s, d) values. 
This process gave the average values of F'(s, d) which 
appear in Table 2. These final tabular values - of 
F(s, d) are plotted versus time in Fig. 4 and, versus dis- 


tance in Fig. 5. Figure 6 presents the maximum 
F(s, d) values occurring at any distance from the weld 
centerline 

Cooling and heating rates were determined by meas- 
uring the slopes of the various /'(s, d) versus time 
curves of Fig. 4 These values are tabulated in Table 


3 as F's(s, d 


point adjacent to a weld for any energy input from the 


Cooling rates may be computed at any 


equation? 


1000 
where 

CR. cooling rate in deg F per second, at a pout 
of distance, d, inches from the weld 
centerline and at a time, s, in seconds 
after the are has passed 

sis.d a function proportional to cooling rate, 
CR. This function is dependent upon 
the distance, d, from the weld center- 
line and the time, s, after the are has 
passed 

rr. preheat factor, see Table 4 
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po 
$ 
‘ 
— 


F(S,D) 
1000 


‘Table 2—V alues of FCS, D) in Equation (T — 7,) = (joules in.) 


I, distance in inches, shielded-inert-gas metal-are welded 


anium plate initially at 80° PF. Temperature in 


2.26 2.27 9.28 0,26 
63.80 41.90 40.10 38.6 36.85 35.30 33.75 32.20 30.72 29.33 27.92 26.55 25.20 23.87 22.63 21.45 


$3.30 $1.17 49.25 67.35 45.35 43.50 41.65 39.80 37.97 36.25 3H.55 32.93 31.33 29.75 28.25 26.75 
58. 56. 
51. 


2.22 9.23 2.26 


63. 
68. 
61. 
56. 
$2. 


58. 


60.65 
54. 
50. 


ay In many instances it will become necessary to apply The oscillographic data were processed as for previous 
P3 the data of Tables 2 and 3 to welds made on plates which runs and the derived F(s, d) values were plotted versus 
HY have been preheated. If the weld heat source were a time for the various thermocouple locations. Values 
14 point of infinitesimally small size, the tabular values were picked from these curves at 5, 15 and 150 see and 
se would theoretically apply to the equations directly for replotted as F(s, d) versus distance for each of these 
any preheat temperature. However, the heat source is times. Values of F(s, d) at distances of 0.3, 0.4, 0.5, 

not a point but an are of finite size and is followed by a 0.6 and 0.8 in. from the weld centerline from each of the 


solidifying pool of molten metal, 


which constitutes a delayed source of 
heat. The temperature at which the | | | | 
molten pool freezes and gives up its F(S.D) AS FUNCTION OF TIME (S) 
latent heat is not changed by pre- 7 | | | FOR DISTANCES OF 20 TO |2 INCHES 


heating the plate. Since the tempera FROM WELD CENTERLINE 


| 

| | 

| | 


ture difference between the plate and -— 


the solidifying pool is decreased by 
an increase in plate temperature, pre- 


heating has the effect of slowing 


=. | + + 
down the rate at which heat is trans- 2 1 

: ferred from the freezing metal to the i me 
plate. | | | | 
a It has been found® that multiply D+ 40 

ing factors can be used to convert 4 | 

. 
the tabular values of Tables 2 and 3 | | 


to corresponding values of any pre ie 


heat temperature To determine 0+ 90 


these multiplving factors, two addi 780 


tional thermal measurement 


were made using * ¢-in. diam wire. 
One run was made at an energy y 
60 


input of 28.1 kilojoules per inch with 


| 
a preheat temperature of 440° F; | TIME IN SECONDS 
the other, with 20.5 kilojoules per inch (9) 20 40 60 80 100 120 140 80 
at a preheat temperature of 610° F. Figure 4 
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TIME 
0 57.90 55.30 $2.82 $0.60 48.0% 45.78 
1 71.65 67.50 90 60.80 55.60 

4 2 73.00 70.80 [N75 66.70 64.67 62.65 

a 3 64.65 62.80 [E20 59.55 58.00 56.62 

4 58.80 57.42 07 53.40 52.13 49.5% 48.30 47.03 45.87 44.6% 43.46 42.30 41.13 40.00 38.66 37.75 36.65 35.58 34.55 33.45 
5 55.20 77 «$1.55 $0.33 49.15 48.00 46.82 45.72 4.62 43.5% 42.47 61.85 40.62 39.40 36.42 37.46 36.50 35.55 34.60 33.66 32.73 
+3 6 $2.08 51.03 69.98 48.95 67.87 46.80 45.75 44.75 43.7% 42.7% 41.80 40.87 39.97 39.03 38.12 37.25 36.35 35.50 34.70 33.81 33.00 32.18 
ee 8 47.17 46.25 45.60 be. 56 43.75 42.93 42.15 41.35 40.60 39.82 39.06 36.30 37.55 36.861 36.06 35.32 34.57 33.83 33.12 32.40 31.70 31.00 
ae 10 42.93 42.35 41.7% 61.16 40.53 39.95 39.30 38.70 38.11 37.50 36.87 36.28 35.65 35.02 34.40 33.78 33.18 32.55 31.95 31-33 30.73 30.13 
a a 15 37.10 36.70 3%6.30 35.90 35.50 35.08 34.70 34.30 33.88 33.50 33.08 32.65 32.23 31.78 31.35 30.90 30.46 30.00 29.55 29.10 28.63 28.20 

“a : 20 33.28 32.92 32.60 32.26 31.93 32.60 31.30 31.00 30.68 30.39 30.08 29.75 29.65 29.13 28.80 28.50 28.15 27.80 27.65 27.13 26.80 26.45 
a 30 28.15 27.868 27.65 27.63 27.20 26.98 26.77 26.58 26.37 26.18 25.97 25.75 25.53 25.3% 25.16 26.93 26.72 26.53 26.33 26.13 23.92 23.70 
ae 40 24.90 26.72 26.53 26.35 26.18 26.00 23.82 23.63 23.85 23.30 23.10 22.97 22.80 22.65 22.50 22.35 22.20 22.06 21.93 21.78 21.65 21.53 
ake, 69 19.95 19.87 19.78 19.71 19.63 19.55 19.47 19.39 19.32 19.2% 19.16 19.08 19.00 18.92 18.86 18.76 18.68 18.60 18.52 16.44 18.37 18.29 

ZA 80 17.20 17.15 17.10 17.05 17.01 16.96 16.91 16.86 16.82 16.78 16.73 16.68 16.64 16.59 16.55 16.51 16.46 16.41 16.37 16.32 16.28 16.23 

ay 100 15.33 15.30 16.28 15.26 15.22 15.18 15.16 15.13 15.10 15.07 15.06 15.02 14.99 146.96 16.9% 16.91 146.88 16.86 14.83 14.81 14.78 14.76 
ae 8 120 16.15 14.19 16.12 16.10 16.08 16.07 14.05 14.06 14.02 14.00 13.99 13.97 13.95 13.9% 13.92 13.90 13.89 13.87 13.85 13.84 13.82 13.81 
. ai 150 13.10 13.09 13.08 13.07 13.06 13.05 13.0% 13.03 13.02 13.01 13.00 12.99 12.98 12.97 12.96 12.95 12.9% 12.93 12.92 12.91 12.90 12.89 

a 180 12.56 12.55 12.55 12.96 12.5% 12.53 12.53 12.52 12.51 12.51 12.50 12.69 12.49 12.68 12.68 12.67 12.46 12.66 12.45 12.46 12.44 12.43 

Value 77.70 74.75 71.77 69.10 66.40 63.80 61.40 59.15 56.95 54.90 $2.95 51.00 49.15 47.30 45.50 %3.70 42.95 40.23 38.60 37.05 35.55 34.25 
TIME 

at Max 
Ss in See. 1.39 1.42 1.66 1.90 1.96 1.58 1.62 1.67 1.72 1.76 1.60 1.68 1.89 1.99 1.97 2.02 2.07 2.12 2.19 2.29 2.41 2.59 

ae 

‘Il | 

| 

| 
ed 


> 


Table 2 (Concluded) 


three time curves were divided by corresponding values 
from Table 2 to obtain preheat factors. These preheat 
factors, averaged for each preheat temperature, are 
presented in Table 4 along with interpolated values of 
the preheat factor for other temperatures 

Examples of the practical use of the data tabulated in 
Tables 2, 3 and 4 are presented at the end of the Ap- 
pendix under Typical Problems. 


TRANSFORMATION OF TITANIUME ALLOYS 
ON CONTINUOUS COOLING 
Previous experience with steels had proven that many 
of the difficulties encountered — in 


on the contraction as in the case of steels Therefore, 
the dilation measurements as a basis of obtaining trans 
formation data were rejected in view of the inherently 
poor Precisloll Aassor iated with the method 

The possibilities of electrical resistance and thermo- 
electromotive force measurements were also investi- 
gated and rejected. The latter method might have 
been practical if titanium alloys were available in wire 
of sufficiently small diameter 

Oscillographic records made during attempts to at- 
tain dilatometric and other evidences of transfomation 
showed readily recognizable discontinuities in the time- 


temperature curve corresponding to the evolution of 


welding hardenable steel composi 


tions could be traced to subcritical 
transformation of austenite For | 
this reason, information was required 
concerning the effects of various 
cooling rates on the temperature of 


the beta-alpha transformation and 


the structures and properties associ 
ated with these various cooling rates 


The volume change associated with 


> 


the beta-alpha transformation in ti 
tanium suggested that dilatometric 


VALUES OF F(S.D) 


analysis would yield the desired 
transformation data. However, the 
results of actual experiments re 
vealed that, on a dilation curve for 
titanium, a transformation was indi "s 
cated by a comparatively — small 


change in the slope of the normal pm eee | 


2 SECONDS 


4 SECONDS 


0 SECONDS 
SECONDS 


(0 SECONDS 


80 SECONDS 


SECONDS 


80 SECOND 


LD CENTERUINE (INO+ES) 


F(S.D) AS FUNCTION OF DISTANCE (D) 
FROM WELD CENTERLINE 


FOR TIMES OF O TO I5O SECONDS 


thermal contraction curve rather 5 20 30 


than by an expansion superimposed 
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Figure 5 
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= 
TIME 
SEC. 0.42 Ql 0.46 9.46 0.67 0.48 0.50 OF 2.55 0.60 9.70 02.80 0.90 1.00 
0 20.25 19.12 186.02 16.93 15.92 146.95 14.05 13.19 12.35 11.60 10.87 10.25 9.60 9.00 6.66 3.90 2.35 1.45 0.90 0.75 0.60 ‘ 
1 25.33 23.95 22.65 21.38 20.17 19.00 17.87 16.75 15.70 14.70 13.8C 12.93 12.10 11.35 8.25 480 3.00 1.95 1.30 0.95 0.75 
2 31.80 30.2§ 286.70 27.23 25.75 26.35 22.8% 21.62 20.03 18.80 17.62 16.50 15.50 14.50 10.52 6.12 3.87 2.53 1.73 1.28 0.91 : 
3 32.70 31.42 30.20 28.97 27.79 26.60 25.48 26.35 23.25 22.20 21.15 20.10 19.05 18.10 13.60 7.80 4.80 3.25 2.20 1.55 1.10 
4 32.42 31.35 30.3% 29.30 28.27 27.30 26.25 25.30 26.36 23.61 22.68 21.60 20.72 19.86 15.62 9.37 5.75 3.92 2.78 1.92 1.38 
5 31.82 30.93 30.05 29.12 28.25 27.32 26.43 25.5% 26.63 23.77 22.95 22.10 21.30 20.78 17.00 10.80 6.83 4&.75 3.27 2.30 1.65 
6 31.35 30.5% 29.75 28.95 28.12 27.35 26.60 25.85 25.13 26.37 23.63 22.90 22.17 21.45 18.00 12.00 8.03 5.47 3.80 2.68 2.0% 
6 30.35 29.68 29.00 28.33 27.70 27.05 26.41 25.88 25.20 26.60 23.97 23.40 22.76 22.22 19.25 13.95 9.95 7.14 £.05 3.55 2.60 > 
10 29.53 28.98 28.60 27.85 27.30 26.76 26.27 25.70 25.20 26.65 26.13 23.62 23.10 22.58 20.10 15.56 11.82 8.65 6.35 %.66 3.73 : 
15 27.7% 27.33 26.90 26.50 26.10 25.70 25.27 26.90 26.52 26.18 23.78 23.40 23,03 22.63 20.82 17.468 14.67 11.50 9.17 7.40 5.90 
20 26.10 25.78 25.65 25.1% 26.83 26.5% 26.25 23.9% 23.62 23.30 22.97 22.68 22.60 22.10 20.70 18.18 15.70 13.43 11.10 9.37 7.92 
30 23.52 23.32 23.16 22.92 22.70 22.50 22.27 22.05 21.85 21.65 21.45 21.25 21.05 20.85 19.90 18.08 16.30 14.70 13.06 11.68 10.30 
40 21.35 21.25 21.05 20.92 20.78 20.60 20.45 20.30 20.15 20.00 19.83 19.70 19.55 19.40 18.68 17.35 16.00 14.83 13.68 12.60 11.75 
60 18.21 18.13 18.05 17.97 17.89 17.81 17.73 17.65 17.57 17.69 17.01 17.33 17.25 17.18 16.80 16.05 15.35 14.65 13.95 13.30 12.75 f 
80 16.18 16.16 16.09 16.06 15.99 15.95 15.90 15.85 15.81 15.76 15.72 15.67 15.63 15.58 15.36 14.95 14.55 16.15 13.75 13.35 13.00 
100 14.76 14.71 16.69 16.66 16.68 16.61 14.59 16.57 16.5% 16.52 16.50 16.68 16.466 16,46 14.33 14.10 13.90 13.70 13.50 13.30 13.12 
120 13.79 13.78 13.76 13.75 13.7% 13.72 13.71 13.70 13.69 13.68 13.66 13.65 13.64 13.63 13.58 13.467 13.38 13.29 13.19 13.11 13.03 
150 12.88 12.87 12.66 12.85 12.86 12.83 12.82 12.81 12.80 12.79 12.78 12.77 12.76 12.75 12.69 12.61 12.57 12.52 12.48 12.65 12.43 
180 12.62 12.62 12.41 12.40 12.40 12.39 12.38 12.38 12.37 12.36 12.36 12.35 12.35 12.36 12.32 12.27 12.22 12.17 12.12 12.07 12.03 
MAX. i 
F(8,D) 
Value 32.90 31.60 30.65 29.40 28.35 27.60 26.65 25.90 25.25 26.70 26.15 23.65 23.20 22.75 20.82 18.18 16.30 14.90 13.95 13.35 13.11 
TIME 
at Mex. 
in See. 2.81 3.12 3.51 3.90 4.82 5.860 6.70 7.51 8.3% 9.10 9,68 10.60 11.30 12.00 16.25 23.60 31.00 43.50 61.20 79.5 108.5 
\ 
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Table 3—V alues of Fs(s, d) in Equation C.R. 
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0 O189 
0 O124 


0 0192 


0 0255 
0.0159 


277 
0 O164 


0.0 


A 
- 
— 


0 O135 


0.016 


Values below heavy line give cooling rates, those above heavy line give heating rates. 


Nore: 


Table 4—Preheat Factors 


Multiplying factor to convert tabular values 
of F(s, d) and F's(s, d) of Tables 2 and 3 to 
corresponding values at preheat temperatures 


Initial plate 
° F temp., 


32 1 Ol 
80 1 00 
190 0.98 
310 0.96 
120 0.94 
500 0.92 
610 0.89 


the heat of transformation on cooling. The use of ther- 
mal analysis to explore the transformational behavior 
of titanium was investigated and found to be satisfac- 
tory. 
not as good as that which would result from the use of a 


Although the accuracy obtained was probably 


more sensitive index of transformation, it was believed 
to be more than adequate for the exploratory purposes 
of this work. 

For analysis of the continuous cooling transformation 
occurring in titanium, a simple heating and quenching 
unit was designed and constructed as illustrated in Fig. 
7. This unit consisted of a helically wound chrome! 
wire heating coil mounted in a glass tube. A cork at 
the top of the glass tube contained a single-hole ther- 
mocouple tube which projected from the bottom of the 
cork to engage the top turn of the heating coil, thereby 
centering the coil on the axis of the thermocouple tube. 
One thermocouple wire from the specimen passed 
through this thermocouple tube, the other, through a 
tube projecting through a cork in the bottom of the 
This arrangement of the thermocouple 
The 


top cork also contained in inlet tube for a protective 


glass envelope. 
wires centered the specimen in the heating coil. 


atmosphere of helium. 

The specimens were prepared from a wafer approxi- 
mately 0.050 in. thick which had been sliced from a 
piece of titanium) stock. 
'/s & '/s in. were cut from the wafer and drilled with a 
No. 70 drill so that each specimen had a hole in its 
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SCALE: FULL SIZE ~_ ELECTRICAL CONNECTIONS 


FOR HEATING COIL 


Fig. 7 Thermal analysis apparatus 


center. A thermocouple, prepared by fusing the ends 
of 0.010-in. chromel and alumel wires into a bead, was 
secured to the specimen, by pressing the bead into the 
hole in the titanium wafer 

Welding-grade helium gas was used as both a pro- 
tective atmosphere and as a quenching medium \ 
flow of gas was maintained through the envelope tube 
for half an hour prior to treating the specimen in order 
to purge the tube of oxygen and nitrogen. The atmos- 
phere protection was not perfect, since with this treat- 
ment a slight oxide coating was found on the specimen 
after quenching. Tests were made to determine the 
effects of gas contamination on the transformation tem 
perature of titanium at a constant cooling rate after 
various time intervals at an elevated temperature in 
this atmosphere. These tests showed that gas alloving 
had an effect after several minutes at 1700° F. For ex- 
ample, the transformation temperature was. slightly 
higher after 3 min than after | min at temperature in 
this atmosphere. To avoid gas alloying effects, the 
presently used technique involved quenching immedi- 
ately after establishing a temperature of 1700° FF. At 
this temperature, homogenization was complete in a 
time sufficiently short to prevent appreciable gas con- 
tamination, 

With the thermal analysis equipment described 
above, three ranges of cooling rates were provided 
Fast cooling rates, in excess of 150° F/sec, were obtained 
by a direct blast of helium through the center hole of 
the thermocouple tube through which the specimen was 
suspended. Slower quenches were obtained by in- 
creasing the flow of helium through the protective at- 
mosphere inlet after the furnace current had been 
turned off Very slow cooling rates were obtained by 
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gradually reducing the current through the heating 
coil 

Experimental data were obtained on Ti-L50A, an 
alloy in which welding difficulties have been encoun- 
tered, and RC-55, commercially pure titanium. A 
few continuous cooling transformation determinations 
had been made on the RC-55 at the time that similar 
data on titanium were published by Duwez.* Since 
there was good agreement between the results by Duwez 
and the data obtained at this laboratory, the work on 
RC-55 was discontinued to avoid duplication. The 
transformation temperature was slightly lowered) by 
high cooling rates but there was no evidence of a change 
in the mode of transformation The microstructure 
displayed the Widmanstitten structure which is nor- 
mally associated with rapidly cooled titanium, 

The behavior of the alloy Ti-150A was more comphi- 
cated. The microstructure of this alloy in the annealed 
condition showed islands of beta phase in an alpha phase 
matrix. On rapid cooling a Widmanstitten structure 
which is generally believed to be martensite, was 
formed. 

As indicated in Fig. 8, the transformation tempera- 
ture was gradually lowered as the cooling rate was in- 
creased, The microstructure associated with compar- 
atively slow cooling rates Was one ol very fine needles 
of the alpha phase in a Widmanstitten pattern. As 
shown in Fig. 8, at cooling rates faster than 200° F/see 
the transformation temperatures were markedly sup- 
pressed At these fast cooling rates, there resulted a 
finer Widmanstiitten pattern of alpha in retained beta, 
The beta phase was identified with the aid of polarized 
light. 

This information indicated that over the range of 
cooling rates anticipated adjacent to are welds, the 
start of transformation in ‘Ti-L50A would be lowered 
about 400° F below the equilibrium alpha-beta trans- 
formation temperature. Furthermore, there was little 
Variation in the transformation temperature over the 
range of cooling rates normally found in heat-affeeted 


zones of are welds 


MECHANICAL PROPERTIES OF BUTT WELDS 
IN Ti-75A PLATE 

Two 18-in. long two-pass butt welds were made by 
joining 4-in. wide pieces of '/s-in. Ti-75A plate. These 
welds were made using a double-vee edge preparation 
with a 75-deg included angle and zero root face. For 
each pass, the energy input was approximately 25.8 
kilojoules per inch 

The welded plates were machined into test specimens 
with the long direction of the specimens transverse to 
the rolling direction of the plates, as shown in Fig. 9. 
In preparing Charpy specimens, V-notches were cut in 
the plane of the plate surface containing the last weld 
pass. ‘Two notch locations were investigated; in one 
case, the notch was located in the center of the weld 
zone and, in the other case, at the edge of the heat- 


affected zone next to the weld. The notch was placed 
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Table 5—Results of Tensile Tests of Welds in Ti-75A Plate 
Ultimate Elongation 
tensile in O.4 in, 
strength, across weld, Location 
Specimen psi of break 
z Weld 1 77,100 25 Weld 
Weld 2 100 28 plate 
e Weld 3 77,700 22 5 HAZ 
a Weld 4 77,600 10 Plate 
4 Base plate | 67,300 26.0 
4 Base plate 2 6S, 500 432.0 
TRANSFORMATIONS IN Ti ISOA 
ON CONTINUOUS COOLING IN GAS 
$e gs ever, the transverse base plate specimens exhibited 
| 
somewhat higher values of energy absorption. 
TIME IN SECONDS 
Pe Impact values obtained in the weld metal, even at 
hig. 8 


high temperatures, were considered too low for struc- 
tural applications. Four additional Charpy bars, with 
in this manner so that fracture would progress entirely notches in the weld none, were given a mill anneal, 
through heat-affected metal. It is apparent that this 1200° F for 24 hr, in an attempt to improve the impact 
method of testing gives only an integrated value of im- values. These specimens were broken at 76° F with 
pact for the heat-affected zone and not a definite value results shown below. 


for any particular structure in this zone. [t is the pur- 


pose of the RPI synthetic weld specimen to reproduce 


exactly the structure of any portion of the heat-affected Energy absorbed at 76° F, ft-lb 
zone in a specimen large enough to test. Notch location 1200° F, 24 hr — As-welded 
Results of the tensile tests are given in Table 5 Heat-affected sone : 
Because of the higher value of the original hardness of Weld zone 39.3 ‘5 3 
the electrode wire, and possible contamination of the Original plate, transverse ao is 
weld from the wire surface and atmosphere, the weld Original plate, longitudinal 25.0 


metal has a higher tensile strength than the base metal. 
The results of the Charpy V-notch impact tests are 


presented in Fig. 10, plotted as energy absorbed versus 
temperature. ‘The impact strength-temperature curves Although these results are not conclusive, they do show 
for the heat-affected zone specimens and the longitu- a strong possibility of improving the impact properties 
dinal base plate specimens are almost coincident.  How- by heat treatment. It is believed that the greatly im- 
proved impact strength may be the result of stress- 


relief and homogenization. 


ROLLING DIRECTION | SUMMARY AND CONCLUSIONS 
rt ! I> 1. Cooling curves were determined for Jominy bars 
of commercially pure titanium and a high chromium 
| 8" a beta stabilized titanium alloy quenched from 1500 and 


1600° FF. These data were reported as times to cool to 
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6 NOTCHED IN FUSION ZONE 3 ZONE 
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proportional temperatures levels for various Jominy 


distances 

2. Although variations in the temperature at which 
the beta-to-alpha transformation occurs titanium 
alloys may preclude a close quantitative correspondence 
between thermal curves in alloyed and unalloved titan 
lum, it is tentatively concluded that the thermal data 
obtained for welds in commercially pure titanium may 
be applied to alloyed titanium 

3. Thermal cycles were determined for inert-gas- 
shielded are welds in Commercially pure tita 
nium plate using energy inputs from 20 to 50 kilojoules 
per inch 

1. These data were tabulated in the general form of 
F(s, d) values so that the temperature, 7, at any time 


and distance may be calculated from the equation 


joules /in 
L000 


ci T P.F 
where: 
initial plate temperature 
a function of time and distance propor- 
tional to temperature but independent 
ol energy input 

PF. correction factor for preheat 
Examples of the use of these data are presented in the 
Appendix to this report. 

5. Cooling rate data were tabulated in the general 
form of F’s(s, d) so that cooling rate, C.R., at any time 
and distance may be calculated from the equation 
Fsis. d joules /in 

1000 
where 

Fs(s,d a function of time and distance, propor- 

tional to cooling rate but independent 

of energy input 
Illustrations of the practical use of these data are in- 
cluded in the Appendix 

6. Thermal analysis equipment, involving the meas 
urement of cooling eurves, Was developed for deter- 
mining the transformation range of titanium alloys upon 
continuous cooling. 

7. Using the thermal analysis equipment, the effect 
of cooling rate on the lowering of the transformation 
temperature of Ti-150A was investigated. the 
range of cooling rates normally found adjacent to are 
welds, the transformation range would be lowered about 
100° F below the equilibrium alpha-beta transformation 
temperature 

8. Butt welds were made in commercially pure ti 
tanium plate Impact tests of these welds revealed 
that the deposited weld metal had a low impact strength; 
however, a heat treatment of 1200° F for 24 hr pro 


duced a marked improvement in noten toughness 
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Appendix 


EQUIPMENT AND INSTRUMENTATION 


In the early phases of this program, a Westinghouse, 
Type PA, 5-element oscillograph was adopted for meas- 
uring the temperature indications of four thermocou- 
ples The fifth galvanometer element was used to indi- 
cate time and position of the welding are. The output 
of each thermocouple was fed into a Weston Model 
321 self-balancing photopotentiometer which produces 
a current output proportional to the thermocouple 
voltage. These instruments were equipped with 50 
mv input standards so that an applied potential of 
50 my would produce an output current of 10> ma. 
Mach recording channel was calibrated as a unit by ap- 
plying the voltage drop across a 1O-ohm resistor to the 
input terminals of the photopotentiometer. The de- 
flection thus produced in the corresponding galvanom- 
eter was recorded on the os lograph trace and meas- 
ured Because this was a voltage-sensitive system, 
that is, at balance no current was drawn from the voltage 
source, the resistance used for developing the calibrating 
voltage was not critical 

At a later date, a I4-channel Consolidated Type 
5-1OLA Oscillograph was made available for tempera- 
ture measurement work. This equipment had two 
major advantages over the Westinghouse Oscillograph 
deseribed previously, — First, it was equipped with high- 
sensitivity, wound-armature galvanometers which could 
be used to record thermocouple voltages directly, thus 
eliminating the need for any amplifying or balancing 
equipment. Secondly, the greater number of channels 
made it possible to obtain ample data for a given set of 
conditions from one weld run, whereas, with the pre- 
vious arrangement, two runs were required, This in- 
strument was calibrated by applying the voltage de- 
veloped across a l-ohm resistor to each galvanometer. 
In this case, the galvanometers draw current from the 
voltage source therefore, the resistance of the voltage 
source Was Chosen at the low value compared with the 
resistance of the galvanometer circuits. Galvanom 


eters, with resistance of 40 ohms, were used in con- 
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junction with a series resistance of 350 ohms, thereby 
making a total of 390 ohms. The rated sensitivity of 
these movements was 0.03 ma per inch deflection at an 
optical distance of 11 in. Under these conditions, a 
50 mv signal from a thermocouple, equivalent to ap- 
proximately 2300° F with a ¢hromel-alumel thermo- 
couple, would produce a deflection of about 4 in. 

Before either oscillograph could be used for this work, 
it Was necessary to reduce the minimum paper speed by 
approximately a factor of 10, which change was accom- 
plished by adding another step in the gear reduction 
train. With these slow paper speeds, it was also neces- 
sary to reduce the galvanometer lamp brightness to keep 
the trace widths as narrow as possible. 

A l rpm clock motor with a 15-tooth ratchet wheel 
was employed to operate a set of contacts to provide a 
timing mark on the oscillograph records. A 1.5-v dry 
cell was connected in series with the timing switch, a 
galvanometer and the correct resistance to produce a 
trace deflection of about '/, in. In addition, the same 
galvanometer was wired to provide a periodic indication 
of the are position during a weld. A stationary rack 
with saw teeth spaced | in. apart operated a micro- 
switch mounted on the travel carriage. This micro- 
switch was connected in series with another 1.5-v dry 
cell and resistor to provide position deflections of 4/. in. 
in the opposite direction to the timing deflection. Thus, 
it was possible to compute the actual weld travel speed 
for each run from these timing and position data, 

During welding, the are volts, amperes and power 
were measured on Esterline-Angus recording-type 
meters, which were calibrated by standard methods. 

All welding was done using an Aircomatic Machine 
Model No. 1, supplied on a loan basis by the Air 
Reduction Co. This machine, shown in Fig. 11, was 
capable of feeding either '/;¢ or */g-in. wire at a con- 
stant rate which could be set between approximately | 
and 10 ips. Operating the start switch would simul- 
taneously start the wire feed, close the current contac- 
tor and open the gas flow and cooling water solenoid 
valves. The control panel was equipped with two time 
delay relays: one, which opened the main contactor 
0 to 5 see after the “stop” switch was pushed, and the 
other, which stopped the water and gas flow up to 15 
sec after the stop switch was pushed. The contactor 
delay, which was normally set for less than | sec, al- 
lowed a short time interval for the wire to burn away 
from the weld, thereby eliminating the possibility of 
the wire fusing to the work. 

The welding barrel was equipped with a trailing 
shield as indicated in Fig. 11. This consisted of a box, 
the bottom side of which was made of a porous sintered 
copper bead material. By this method, a constant 
flow of inert gas, without turbulence or inspiration of 
air, was produced over the hot weld deposit. 

The welding machine was mounted on a travel car- 
riage and track of the type normally used for straight 
line oxy-acetylene cutting. Travel speed was con- 
tinuously variable in two ranges from 0 to 80 ipm. 
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Figure Il 


Welding current was supplied by a Lincoln 600-amp, 
80-v, open-circuit d-c generator. 

A universal jig was built for clamping the work pieces 
in place during welding. To provide preheat tempera- 
ture up to 650° F, the jig was equipped with electric- 
resistance heaters. Provisions were also made so that 
a grooved plate could be inserted beneath the work to 
provide an inert-gas backing when making butt welds. 

A gas-metering board was constructed to measure 
the volumes of gas delivered to the nozzle and trailing 
shield. The nozzle section was equipped with dual- 
range flowmeters to measure helium and argon flow 
rates in any proportion. The argon ranges of the flow- 
meter were 0 to 30 and 0 to 170 efh and the helium 
ranges were 0 to 40 and 0 to 200 efh. In addition, a 
manometer could be connected into the nozzle circuit 
to introduce small volumes of other gases. The argon 
flow to the trailing shield was measured with a 50 cfh 
capacity flowmeter. 

Temperature measurements were made in the welded 
plates and in the Jominy bars using chromel-alumel 
thermocouples. Duplex 0.010-in. diam chromel- 
alumel, spun-glass-insulated wires were cross-wire 
welded to form the hot junction. The hot junction was 
then percussive welded to the bottom of a 0.052-in 
diam hole of the proper depth by discharging a 150-uf 
capacitor, previously charged to 400 v, through the 
thermocouple-plate junction. These thermocouple 
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holes were drilled from the back of the titanium plate to 
within 0.050 in. of the top surface. After the thermo- 
couple Wiis welded Ih pla e. punch pri ks were made 
around the hole to prevent the wires from twisting and 
breaking loose before bemg connected to the oseillo 
graph, The eight thermocouples were located at po- 
sitions to either side of the weld and from 0.20 to 1.25 
In. away trom the weld centerline 

In the case of the Jominy bars, alundum cement was 
packed around the welded thermocouples to prevent 
them from twisting loose \t temperatures of 1500° F 
and above, the spun glass insulation of the thermocou- 
ples became very fragile, in which case, the alundum 


served to prevent short circuits from occurring 


DETERMINATION OF SUTTABLE WELDING 
CONDITIONS 


Although the determination of optimum welding con- 
ditions was not the primary goal of this investigation, if 
Was necessary to determine conditions which would pro- 
duce a stable are and deposit a smooth weld) bead. 
Satisfactory welds were deposited using a travel speed 
of 10-20 ipm, an are voltage of approximately 30 v, a 
welding current in the range of 300 amp for '/j.-in. wire, 
and gas flows from 50 to 70 eth of 75°, argon and 257 
helium in the nozzle and 30.50 cth of argon in the trail 
ing shield In order to determine the best gas shielding 
mixture, combinations of argon with 0 to 50°) helium 
were investigated. Helium additions up to 25° 
which had a slight beneficial effect on are stability, im- 
proved the wetting action of the deposited metal and 
thereby effected an improvement in weld deposit shape 
With this improvement, a flatter deposit was formed 
which required less filler metal to filla given size groove 
Helium additions between 25 and 50°, had no obvious 
beneficial effect on the bead shape or are behavior, 
hence, a gas mixture of 75°, argon and 25°, helium was 
used. It has since been reported that a mixture of 
25°, argon and 75°, helium gives an are behavior sim- 
ilar to pure argon but with greater penetration 

The optimum double-vee plate preparation from the 
standpoint of penetration was found to be that having 
an included angle of 75 deg with no root face A num- 
ber of other combinations of angle and root face were 
tried however, X-rav and metallographic investiga 


tions indicated the former to be the best 


TYPICAL PROBLEMS 


The following problems and their solutions are pre- 


sented to illustrate the practical use of the data which 
appears in Tables 2, 3 and 4. 
PROBLEM 1: Compute the temperature 0.25 in. from 


the weld centerline at a time 15 see after the electrode 


Solution lia \t Lo sec and QO.25 Table 2 
Fis, d 35.08. From Table 4 PF 1.00 for an 


initial plate temperature of SO” | 


joules 


T T Fis, d 
L000 
25 000 
‘ig SO 35.08 ( ) | Sia 
1000 
T 957° | 


Solution 1 (b 


T SO) 35.08 | 1404 
L000 


T 1484° | 
Solution Lie): From Table 4 0.96 at 300° F, 
mn 10,000 
7 300 35.08 ( ) 0.96 1345 
1000 
T 1645° | 


PROBLEM 2: Compute the time and the distance 
from the weld centerline at which a peak temperature 
of I8O00° F is reached with an energy input of 35,000 
joules per inch 


Solution 


35,000 
SO Fis.d ( Ju 
L000 
Fis, d 19. 


From Table 2, a maximum /'(s, d) of 49.15 occurs after 


1.89 sec at a distance of 0.32 in. from the weld center- 


line. 

3: Calculate the cooling rate for the eondi- 
tions of Problem 1, parts (b) and (« 

Solution (Of Cooling Rate for Conditions of TCb)) 
From Table 3, at 15 see and 0.25 in., F’sts, d) 0.798. 


0.708 
1000 


Solution (OF ¢ ‘ooling Rate for Conditions of I(e)) 


10.000 0.96 30.6° F/see at 1645°h 
L000 


NOTE Increasing the initial plate temperature pro- 
duces only pa small decrease ih the cooling rate when 
compared ul equal times; however, when compared iat 
equal temperatures, the cooling rate is greatly de- 


creased, as shown in Problem 4 

PROBLEM 4 Determine the cooling rate at 400° F 
at a point 0.25 in. from the weld centerline using an 
energy input of 30,000 joules per inch for initial plate 
temperatures of SO and 420° J 

Solution (For Initial Plate Temperature of SO°R): 
First, determine the time at which the plate reaches 
1400° F 0.25 in. from the weld 


50,000 
has passed for an energy input of 1400 &() Fis.d (| 
1000 
a) 25 kilojoules/in., plate temperature 80° F ; 
hb) 40 kilojoules/in., plate temperature 80° I 
c) 40 kilojoules/in., plate temperature 300° F From Table 2, at 0.25 in., F'(s, d 16.80 at 6 see 
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O23 at & see rpolating be se times 30,000 
and 42 05 at S see Interpolating between those time: 1400 — 420 = F(s. d) ( ) (0.94) 
for F(s, d) 144 gives a time of 7.45 see when the plate 1000 

reaches F(s, d) = 34.8 


From Table 2 at 0.25 in. and F(s, d) = 348, time 


From Table 3, interpolate 0.25-in. column find 
15.4 see, 


value of F's(s,d) at 7.45 sec. This is 


From Table 3 at 0.25 in. and time = 15.4 see F(s, d 


30,000 0.783: 
A 1] ( 1000 ) 1) 


C.R. = 0.783 ( 


30,000 


(0.94) = 22.1° F/sec 
1000 ) 


Solution (For Initial Plate Temperature of 420° F) 


Collection and Survey of Low-Temperature Data on Pressure- 
Vessel Steels 


The PVRC through its Fabrication largely on the cooperation of laboratories treated or other. It is hoped that the 
Division’s Subeommittee to Study the who hold unpublished low-temperature study will be completed by January 1954, 
Ieffects of Temperature in the Range from data; the more diverse the source of in- and that a final report will be avilable in 
+ 32° to —50° F is sponsoring a collection formation, the better. Tue JourNnaw shortly there- 

and survey of low-temperature data on Low-temperature data of any kind are after. 
ASTM steels A-7, A-201, A-212, A-283 and desired  ineluding notehed-bar _ tests, To expedite collection of the above type 
A-285. It is intended to obtain data from notched-plate tests, tension tests, erystal- data, it is requested that those having 
two sources: (1) published literature and lographie studies and any others on these information or suggestions contact Dr. 
(2) unpublished information. steels in any condition whatsoever L. J. MeGeady of Lafayette College 

The suecess of this project depends very welded, unwelded, cold worked, heat Easton, Pa., who is carrying out the work, 


“Distortion and Shrinkage Stresses in the Welded and Riveted 
Hulls of a Tanker and a Cargo Vessel” 
by R. Spronck and J. J. L. van Maanen 


Abstract of ‘Mesures de Déformations Locales 
et Caleul de Tensions de Soudure sur les Deux 
Faces des Toles de Fond de Deux Navires en strain gages were used to measure distor- shrinkage stresses, due to welding, were 
Cours de Construction sur Cale,’ published in 
Revue de la Soudure, 8, 214-232 (1952) and 9 tions and shrinkage — stresses Fixed higher than those due to riveting. Near 
BS 115 (1053) The authors are President and 
Technical Director, respectively, of the Belgian 
Center for Naval Research extensometers were not applicable under ing 5% at a joggled joint, was observed 


mechanical extensometers and resistance ceed the normal service stresses. The 


mechanical extensometers and acoustic welded joints, inelastic deformation reach 


Careful measurements were made on shipyard conditions. Shrinkage stresses In several locations near butt and _ fillet 
several butt welds and riveted joints dur- were estimated by drilling holes at strain welds, biaxial tension was observed. On 
ing the construction of a cargo vessel gage rosettes, the contrary, in riveted joints, the shrink- 
(9300 tons dead weight) and an oil tanker The measurements showed that shrink- age stresses are compressive, which ex- 
(17,200 tons dead weight) Movable age stresses reach and, in some places, ex- plains the value of riveted crack arresters 
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Ncale Effects in \otch Brittleness 


» Scale effects in notch brittleness of mild steel speci- 
mens in bending having geometrically similar shape 


by Yoshio Akita 


Summary 

The research reported herein is an inve stigation of the seals 
effects in notch brittleness of mild steel specimens having 
geometrically similar shape. The specimens were machined in 
the three sizes —small medium, and large from the same 
rimmed steel of 45 mm thickness. The specimens were similar 
to the Charpy V-notch Impact specimen, the small specimens 
being ol standard dimension whereas the medium Specimens 
were twice as large and the largest four times as large. The 
test Was made in slow bending condition under same strain rate 

It was found that the transition temperatures of the medium 
and large specimens were nearly equal ind that of the small 
specimens was relatively low. The maximum breaking stress 
decreased with increase in size of specimens but the vie lding 
stress was nearly constant. The absorbed energy in) shear 
fracture increased with size proportional to the cube, but in 


brittle fracture it was proportional to the 2.5 powel 


INTRODUCTION 


ECENTLY the research on brittle fracture has 
been very vigorous, In consequence ol the investi- 
, gation on causes of accidents in welded ships and 
bridges. In order to investigate the fracture in 
actual structure by a small-scale model test, it is 
necessary to study the scale effect in fracture It is 
also important for experimental techniques to investi- 
gate the effect of dimension to the observed values of 
fracture tests. 

The scale effects which connect the full-scale test and 
small-scale model test have two kinds of expression 
The first one is the so-called wide breadth effeet which 
is due to the wide breadth of test plate relative to its 
thickness Boodberg’s experiment! on the notched 
wide breadth plates of constant thickness shows a de- 
crease in maximum breaking stress with an increase in 
plate width. The second expression is the dimensional 
effect in geometrically similar specimens. The investi- 
gation reported herein treats the changes of maximum 
nominal stress, absorbed energy and transition tempera- 
ture due to the change of size of specimens, keeping 


specimen shape, notch shape and loading span similar 


Yoshio Akita is Chief of the Ship Structure Room of the Transportatior 
Technical Research Institute in Tokyo, Japan 

Paper scheduled for presentation at the Thirty-Fourth National Fall Meet 
ing, AWS, Cleveland, Ohio, week of Oet. 19, 19 
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45 
Fig. | Shape of specimens 
A similar specimen test was treated by MacGregor 
and Grossman.? In their experiment a flat) circular 


disk, simply supported around its circumference and 
loaded by concentrated load at its center, was treated 
at various deflection rates The size of specimens Was 
changed in the ratio 6:2:1 The result shows that the 
transition temperature of the largest disk of 6 in. diam 
was only 8° F higher than the disk of 1 in. diam. In 
our experiment on similar Specimens, the size was 
changed in the ratio 1:2.1:4.2. The small specimens 
were the same as Charpy impact specimens with stand- 
ard V notch 


to 1.6 mm in six steps 


The notch radius was altered from 0.05 
The test was made under slow 
bending, loaded at the center. The transition tempera- 
ture, maximum load and energy absorption were ob- 


tained from the load elongation curves 


MATERIAL SPECIMENS AND TESTING 
TECHNIQUE 


The material used in this test was Yawata-rimmed 
stee! of 45 min this kness The chemical analy SIS and 


mechanical properties are listed in Table | 


Table l—Chemical Analysis 


Carbon O19 
M 
Silicon 0 01 
Phe sphorus 0 O15 
Sultur 0. 032 
Copper 0). 27 
(irain size & 0 
Charge No S-15018-45T 
Yield stress, kg/mm? 21.3 
Ultimate strength, kg/mm 
elongation, % 25.5 
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Figure | shows the shape of specimens. ‘The shape 
of specimens was altered in the ratio 1:2.1:4.2. The 
cross sections of each specimen were 10 x 10,21 x 21 and 
12x42 mm. The specimens were machined from the 
same rimmed steel. The lengthwise direction of speci- 
mens Was parallel to the rolling direction of plate. The 
notch was machined on the edge of the mother plate 
perpendicular to roll direction. The shape of the notch 
was made to a 45-deg standard V type. 

Table 2 shows the dimensions of specimens. In the 
fourth row of Table 2 (Noteh Radius), the number 
italicized is the similar dimension with respect to the 
notch radius. The exact size of the small specimens 
should have been 10.5 x 10.5 mm in geometrical simi- 
larity, but for the sake of comparison to Charpy impact 
value, the above-mentioned dimensions were used. 
The difference between these dimensions has little effect 


on the experiment, 


Table 2—Dimensions of Specimens 


Size Small Medium Large 
Cross section, mm 10x 10 21 x 21 $2 x 42 
Kim or core Rim and core 
Notch radius, mm 0.05 0.05 
0.1 01 
0.2 0.2 
O4 
Ss 


Notch depth, mm 
Tested span, mm 10 200 200 
Correct span, mm 10 S4 168 


ABSORBED ENERGY KG-M 
005MM 


ABSORBED ENERGY 
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TEMPERATURE °C 


476-8 Akita Scale Effects 


-40 -20 O 20 40 60 100 
Fig. 2) Absorbed energy and crack propagation energy in 
small specimens (10 x 10 mm) with various notch radii 


In medium specimens the uniformity of the material 


Was examined, 1.e., the difference of notch sensitivity 


between rim part and core part in the thick steel plate 


_ENERGY ‘KG-M 


60} 
CORE | aan 
ABSORBED ENERGY 
40 


| 
CRACK PROPAGATION ENERGY 


“RIM” 


20 


TEMPERATURE 
-200 O 20 40 60 80 


Fig. 3) Absorbed energy and crack propagation energy of 
core part and rim part. The specimens are medium (21 x 
21 mm) with 0.4 notch radius 


00 ABSORBED ENERGY © KG-M 


Q05 


-40 -20 0 20 40 60 80 


Fig. 4 Absorbed energy and crack propagation energy in 
large specimens (42 x 42 mm) with various notch radii 


o— 
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As shown in the next section, there was no difference 
between rim and core part Therefore, there was no 
experimental error due to the location of test pieces in 
the plate. Thus, the medium and small specimens 
were machined from both the rim and the core part, 
and tested at random 

The bending span between end supports was taken 
the same as for the Charpy impact test (40 mm) in small 
specimens. In similar tests, the correct bending span 
should be proportional to the size of specimens, but this 
Was not possible due to the limitation of the liquid bath 
The correct span, as it should have been, and the actual 
span, as tested, are shown in Table 2. Therefore, in 
order to make correction for the effect of span, the ex- 
periment of various spans at constant temperature was 
made The test was made under same strain rate 
rather than same deflection rate in order to keep me 
chanical similarity. The nominal maximum strain rate 


Was about 0.005 per minute 


TEST RESULTS 
Figures 2, 3 and 4 show the total absorbed energy and 
crack propagation energy (uncorrected) of each size 
As shown in the figures the notch radius has little effect 
on the transition temperature. In Fig. 3 there is no 
difference in the absorbed energy curves bet ween speci 
There 


fore, there is no error due to the nonuniformity of 


mens machined from the rim and from the core 


material, 


PERCENT SHEAR % 


100 | 
80 
40 
20 | 
-40 -20 Oo 20 40 60 80 


TEMPERATURE °C 


Fig. 5 Comparison of percent shear curves for various sizes 
of similar specimens 


TRANSITION TEMP (MEAN ENERGY) TRANSITION TEMP (% SHEAR) 


80 80°C 
60 42x42 60 42x42 
2ix2i 21x21 
40 40 
10x10 10x10 
20 20 
05 -! 2 4 -8 16 05 1 2 4 8 16 


NOTCH RADIUS mM 


Fig.6 Transition tempera- Fig. 7 Transition tempera- 

ture obtained from mean ture obtained from 50% 

absorbed energy against shear against notch radius 
notch radius 


NOTCH RADIUS MM 
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TRANSITION TEMPERATURE °C 


so | 
50% SHEAR | 


WB 
KEM PROB. 


-40 ' 
0 10 20 30 40 
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Fig. 8 Scale effect on transition temperature obtained 
from various methods 


The comparison of the percent shear in similar speci- 
mens is shown in Fig.5, where the transition curves of 
the large and medium specimens are nearly equal, but 
the transition temperature of small specimens is rela- 
tively low 

In Fig.6 the transition temperatures for various notch 
radii obtained from the total absorbed energy curves 
are shown, which indicate the saturation state of transi- 
tion temperature for sharp notch radius. The transi- 


tion temperatures in Pig. 7, obtained from the percent 


0 MAXIMUM AND YIELD LOAD TON 


0.05 mm MAXIMUM LOAD 
10 |} 
YIELD LOAD 
0 
NOTCH RADIUS | 
10 O.1MM™ 
| 
0.2™M 
10 | 
°| 
10 | 
0 
10 
| 2 
16MM 
10 | 
TEMPERATURE 
-20 0 20 40 60 8 


Fig. 9 Maximum and yield load against test temperature 
in large specimens (42 x 42 mm) with various notch radii 


Scale ffe cls 177-8 


shear curves for various notch radii, show the same 
tendency as in Fig. 6. The seale effect on the transition 
temperature is shown in Fig. 8. For small specimens of 
10-mim =square cross section the transition tempera- 
ture is low, but for specimens of over 20-mm square 
cross section, the transition temperatures are nearly 
constant. MacGregor and Grossman's experiment 
showed 8° F higher transition temperature for 6-in. than 
for l-in. diam disk. ‘These results show that the transi- 
tion temperature of small specimens is influenced by 
scale effect, but for specimens above a certain dimen- 
sion the transition temperatures are nearly equal. 

The maximum rupture loads against test tempera- 
tures are shown in Fig. 9, where maximum load increases 
with increase in temperature in the case of the large 


MAXIMUM AND YIELD STRESS kG /Mm? 


YIELD STRESS 


05 4 °8 16 
NOTCH RADIUS MM 


Fig. 10° Maximum and yield stress against 
notch radius in various size of specimens 
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M 
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Fig. 11 Seale effect on maximum and yield 
stress 
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notch radius, and decreases in the case of the sharp 
notch. Figure 10 shows the maximum nominal bending 
stress (maximum moment divided by minimum. sec- 
tional modulus) against notch radius at 0° C. With 
the increase in notch radius, the maximum nominal 
stress increases, but the yielding stress is nearly con- 
stant. The scale effect on the maximum stress is shown 
in Fig. | 
ually with increase of size of specimens. 
stress in specimens four times as large shows 18°; de- 


1, where the maximum stress decreases grad- 
The maximum 


crease relative to small specimens. 

In order to obtain the scale effect on the absorbed 
energy, it is necessary to correct the effect of bending 
span. The change of bending span influences the 


ABSORBED ENERGY KG-M 
21x21 


| 
| | | 
CRACK PROP. 
0 100 200 300 O 100 
SPAN MM 


Fig. 12 Effect of span on absorbed energy at 20° C 
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Fig. 13 ae energy against size in sim- 
ilar specimens 
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ABSORBED ENERGY PER UNIT VOLUME K@M/cM? 
4 


SHEAR FRACTURE 


0 10 20 30 40 
SIZE OF SPECIMEN MM 


Fig. 14. Absorbed energy per unit volume 
against size of specimens in shear (80° ©) 
and brittle fracture (—20° C.) 


maximum Joad and maximum deflection. Figure 12 
shows the effect of span on the absorbed energy and 
crack propagation energy. According to this curve the 
absorbed energy is obtained by multiplying 0.94 times the 
absorbed energy in large specimens and 0.64 times that in 
medium specimens. Thus, the corrected energy for the 
different specimens is obtained as in Fig.13, where the 
total energy and 
fracture (at 80° C 


are plotted logarithmically. 


crack propagation energy in shear 
) and in brittle fracture (at —20° © 
The energy curve in shear 
fracture is nearly proportional to the cube of the size, 


but in brittle fracture it is proportional to the 2.5 powe1 
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Fig. 15 Crack propagation energy per unit volume and 
absorbed energy per unit volume against test temperature 
for each size of specimens 
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hig. 16 Effect of notch radius on absorbed energy in shear 
(80° C) and brittle fracture (— 20° ©) for each size of speci- 
mers 


In order to clarify these proportionalities, the absorbed 


energy per unit volume obtained hy 


Absorbed energy 


Minimum cross-sectional area louding span 


is shown in Fig. 14, where the energy per unit volume is 
nearly constant in shear fracture for specimens of over 
20-mm square cross section, but in brittle fracture it 
decreases gradually with increase in size. The specific 


diy ided by 


area is often used in this kind of experiment 


Ininimum sectional 
But in the 
the analysis by this quantity 


energy ol the energs 
experiment of similarity 
is irrational. In shear fracture, the absorbed energy in 
volume near the fracture surface has influence on the 
fracture, and in brittle fracture the absorbed energy at 
maximum load is elastic energy in volume 

Figure 15 shows the total absorbed energy per unit 
volume for each size of specimens against test tempera- 
ture. For the small specimens the curve is apart from 
the curves of larger specimens. ‘The curves of crack 
medium and 
The effect of 


notch radius on the absorbed energy per unit volume 


propagation energy per unit volume for 


large specimens coincide with each other 


in shear fracture (80° ©) and in brittle fracture (—20° 
() is shown in Fig. 16.) In both cases sharp notch de- 
creases the absorbed energy. Especially in- brittle 


fracture when the ratio of notch radius to plate thick- 
ness is under 0.01, the absorbed energy is in a saturation 


state. 


CONCLUSION 


The scale effect on transition temperature, maximum 
stress and absorbed energy in similar notched square 
bars machined from the same steel was studied under 
slow bending. The specimens were loaded under same 


strain rate rather than same deflection rate to keep 
mechanical similarity 

The transition temperature increases gradually with 
increase in size of specimens. ‘The transition tempera- 
ture for 42 mm square specimens is about 30° C higher 
than that of 10 mm square, but for those over 20 mm 


square the transition temperature is nearly constant. 


170-s 
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The seale effect on the yielding stress is negligibly 
stuall, but the effect on the maximum stress is remark- 
able in both shear and brittle fracture. For the increase 
in size from 10 to 42 mm square, the maximum stress 
decreases about 17 kg/min? 

In shear fracture the absorbed energy per unit volume 
is nearly constant for the specimens over 20 mm square, 
but in brittle fracture it decreases with increase of size 
and in 42-mimn square specimens it is about '/; of 10-mm 
square specimens. This result means that for large 
structures with sharp notches the brittle fracture occurs 


at low absorbed energy. 
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Fatigue of Welded Joints 
Committee 


EVERAL years ago the Council completed a large 

and comprehensive project with the broad aim of 

providing the bridge engineer with basic design 

information on the strength of structural joints 
subjected to eyclic loading. In this investigation every 
attempt was made to cover the various types of butt 
and fillet joints likely to be encountered by the bridge 
engineer. The range of stress varied from zero to ten- 
sion, from tension to tension and from compression 
to tension, The fatigue strength was determined for 
eveles of the order of 100,000 and 2 million. Consider- 
ations were given, also, to rest periods, stress  re- 
leving, metallurgical considerations and the like. The 
work was carried out at the University of Illinois and 
was reported in Bulletins of the Engineering Experi- 
ment Station of the University, reports in the Welding 
Research Supplement and special reports by the Com- 
mittee itself. This information probably represents 
the greatest single body of engineering design data 
available for evelic loading. The findings were used 
as the basis for the AWS Bridge Code and in specifi- 
cations generally. 

Very recently a new Committee has been organized 
by the Welding Research Council to carry out addi- 
tional fatigue tests to fill in gaps left by the old program 
and to improve joints subjected to eyelic loading 
through more favorable geometry, metallurgical con- 
siderations or both. The work will be carried out at the 
University of Illinois and will involve an expenditure 
of $20,000 a year for the next three to five vears. 
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Seale Effects 


Organizations desiring to participate should communi- 
cate with W. Spraragen, Welding Research Council, 
29 W. 39th St., New York 18, N. Y. 

Two Subcommittees have been formed, one on 
Geometrical Effects and the other on Metallurgical 
Considerations. Among the suggestions being con- 
sidered by the Subcommittee on Geometrical Effects 
are: (1) rounded cover plates, (2) extending cover plates 
a considerable distance beyond that called for in de- 
sign, (3) grinding fillet shape at toe of fillet so as to 
smooth out the radius of notch, (4) omitting longitudinal 
welds at end of cover plate, (5) an ogee shape of fillet, 
(6) reinforcement of cope holes in butt splices, (7) an 
investigation in which an attempt is made to relate 
brittle laequer stress distribution studies to fatigue 
failures, that is, a correlation between fatigue strength 
and the stress concentrations indicated by brittle 
lacquer under static stress, (8) possible redesign of 
fillet joints to involve butt type of fillet joints, (9) the 
use of low-alloy steels, (10) the matter of balanced 
design of size of fillet welds with reference to static and 
fatigue loads, for example, the size of the fillet: welds 
might not be too important in static tests but could 
be important in fatigue tests, e.g., small size con- 
tinuous fillets vs. intermittent larger fillets, (11) the 
design of butt joints joining different thicknesses of 
members and (12) model testing to design fillet joints 
to avoid secondary bending. 

The Subcommittee on Metallurgical Considerations 
in their discussion developed some 15 proposals but 
decided to concentrate first on only 6 of these as fol- 
lows: (1) flame hardening, (2) preheating, (3) over- 
matching electrodes, (4) undermatching electrodes, (5 
metallurgical discontinuities or notches and (6) trans- 
verse and longitudinal butt welds. In addition, the 
subject of residual stresses will be further considered 
and possibly the effects of direction of rolling. 
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THE JACKSON 


New Lift-Front Helmet 
See it... Try it 


* Plastic Lens Holder 
* Improved Helmet Shell 
* Improved Headgear 


% Lens Holder has hinged front, holding welding 
lens and cover glass. It permits inspection of work 
without raising the entire helmet a great ad- 
vantage, especially for work in close quarters. Made 
of high-impact, compression molded, thermosetting 
plastic, it is strong and durable. Coil springs are built 
inside the hinges to hold front up or down. Another 
clear glass is held in aluminum inner retainer and 


stays in fixed position to keep out flying particles. ARC WELDING HELMET H.2 


All glasses are replaceable without tools. Type 


ON BOTH JACKSON HELMETS... it is quickly made to fit before putting it on. The 
cork padded sweatband, held by snap buttons, is 
* One-Piece Helmet Shell is now made of a ther- inexpensive to replace. 


mosetting plastic, reinforced with glass fiber, 
combining all the advantages of resistance to heat, 
moisture, high voltage and spatter with even greater 
strength, and even better appearance than before. 


Try on either Helmet. You, like other weldors, will 
particularly like the Jackson-developed friction 
pivots. They are easily adjusted to your needs, by 
hand, from the outside, without taking the helmet 


* Headgear has wider and more flexible straps off. The helmet can thus be made to float down 
for greater comfort, made of smooth plastic, easy without jolting stops, or to stay in any desired 
to clean. There’s no trial-and-error adjusting it to position. This unique feature eliminates the need for 
size. Calibrated to hat sizes in ',-inch increments, chin straps and other cumbersome inside gadgets. 


Now-Lighter than Ever! 


Jackson’s stationary-front helmet, the first with 
a one-piece thermosetting plastic shell, is now, 
with its new, light metal lens holder, being 
made lighter than before. 

With its new shell and improved headgear, 
it will win friends among weldors everywhere. 


Cover glass slides out without disturbing the filter lens ARC WELDING HELMET =| | 


- « « Plastic shell swings up on adjustable friction pivots. with Stationary Front......... Type 


Sold world-wide through distributors and dealers. Jackson 
Products, foremost makers of arc welding electrode holders, 
ground clamps and cable fittings, also manufactures a line of 


PR O 


gos welding goggles, grinders’ goggles, eye and face shields. 


WARREN-MICHIGAN 


What do you need in the 
way of welding supplies, 
accessories and equipment? 
You mame it — Airco has it at 
low prices. Call your Airco 
dealer or write us directly for 
your copies of our Electrode 
Catalog and Gas Supplies 
Catalog along with complete 
price lists. 


use airco supplies for better welds 


Airco ferrous electrodes: For all types of steel 
— mild, low-alloy, stainless — and cast iron. 
Airco electrodes provide arc stability, smooth 
bead contour, easy slag removal and min- 
imum spatter — that’s why Airco is thought 
of first when welders want ease of operation 
and high production of quality welds. A com- 
plete line of AC and DC types answers all 
welding problems. 

Airco non-ferrous electrodes: Save time and 
expense welding aluminum, aluminum bronze 
and manganese bronze, making machinable 
welds in cast iron, depositing bearing sur- 
faces, build-ups of worn areas and other 
types of overlays. 

Airco hardfacing alloys: Airco provides 26 
rods to combat wear, abrasion, heat and cor- 
rosion. Hardness of deposits, with various 
alloys, from 17 to above 80 Rockwell C. If 
you have a maintenance problem involving 
wear or rapid deterioration of surfaces, end 
it with these hardfacing alloys. Some types 


available in wire form for submerged-melt 
application. 


Airco gas welding rods: The logical choice for 
all oxyacetylene welding, brazing and braze- 
welding. Eight types — bare and coated low- 
fuming bronze rods, wear-resistant rods, 
manganese bronze and deoxidized copper. 
Diameters, in various types, from 1/16” to 
3 8”. All types and diameters in 36” lengths. 


Airco fluxes: There’s an Airco flux for every 
welding, brazing and braze-welding job. Ten 
different fluxes, for brass, bronze, copper, 
stainless steel, aluminum, cast iron, malle- 
able iron, and other metals and alloys. 


Airco silver brazing alloys and fluxes: Airco 
offers you the complete line of famous “Easy- 
Flo” silver brazing alloys. The low flowing 
temperature of all these alloys saves labor, 
time and gases, and minimizes distortion. 
For all types of joints and all combinations 
of metals. 


Air REDUCTION 


60 East 42nd Street * New York 17, N. Y. 
Air Reduction Sales Co. * Air Reduction Magnolia Co. « Air Reduction Pacific Co 
Represented Internationally by Airco Company International 


OFFICES 
AND DEALERS IN 
MOST PRINCIPAL CITIES 


Divisions of Air Reduction Company, Incorporated 


at the frontiers of progress you'll find A) 


— 


